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Arr I ,—The Geology of Phillip Island . 

By A. B. EDWARDS, D.Sc. 

[Rend 13th July, 1944; totted separately 10th December, 1945.1 

Abstract* 

Phillip Island, which lies across the mouth of Western Port Bay, con¬ 
sist* of a targe central island, to which is tied a number of smaller islands 
at both its south-eastern and south-western extremities. It represents the 
south-eastern, interfluve of the river that was drowned to form Western 
Port Bay. The land slopes gently northwards, and there are few permanent 
streams. High cliffs occur along the exposed southern coast, while the 
low northern coastline, in the shelter of Western Port Bay, Is prograding. 
The island consists essentially of a number of flows of Ternary Older 
Volcanic basalts* intercalated with thick beds of ochreous red tuff and 
agglomerate, and overlying Jurassic and Palaeozoic sediments and Palaeo¬ 
zoic granites. 


Introduction. 

Phillip Island, which lies across the mouth of Western Port 
Bay, is 13 miles long and 5i miles wide at its widest point. It 
has an area of about 60 square miles. On the eastern side it is 
separated from the San Remo Peninsula by the narrow Eastern 
Passage, which is from $ to J of a mile wide, and has a maximum 
depth of about 30 feet. On the western side it is separated from 
the Mornington Peninsula by the Western Passage, which is from 
2£ to 6 miles wide, and has a maximum depth of 90 feet. These 
two channels separating the island from the mainland are the 
drowned valleys of streams which were either overdeepened 
during a low sea-level period of the Pleistocene Ice Age or sub¬ 
merged as a result of subsidence during the Quaternary. The 
island represents the southern interfluve of the old Western Port 
River. The tidal range at Cowes, on the northern coast of the 
island, varies from 7\ feet at neap tides to 12 feet at spring tides, 
and the tidal race through the Passages develops a maximum 
velocity of 6 miles an hour. 

Composite Structure. 

As shown in fig. 1, Phillip Island is a composite island. It 
consists of a large central island, to which is tied a number of 
smaller islands. 

The narrow south-western extremity of the present island 
consists of two small tied islands, here called FTielan’s Island 
and Summerland's Island, and The Knobby. Phelan’s Island and 
Summerland’s Island are joined to the main island by a Y-shaped 
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tombolo which encloses the partly silted-up fiesh-water lagoon 
of Swan Lake The Knobby is connected to Summerland s 
Island by a storm-wave platform that is covered at high tide 
(PI I, ng 1) About i mile to sea, south-west from the Knobby, 
is a further small island, Seal Rocks (PI I, fig 1) The sub¬ 
marine contours show that it is an integral member of this group 
of small islands (fig 1) They are all composed of a senes of 
basalt flows from 20 to 30 feet thick, separated by thin red beds 
of tuff or weathered basalt (flow tops) along which erosion is 
concentrated The lava-flows lie almost horizontal, but the surface 
of Summerland’s Island slopes evenly to the north-west This 
senes of islands is part of the ridge forming the south-eastern 
interfluve of the old Western Port River, and the passages 
between them represent the valleys of small streams tributary to 
this nver The valleys between Phelan’s Island, Summerland s 
Island, and the main island were first drowned, and then silted 
up, following the growth of bars across both ends of the channel 
The valley between The Knobby and Summerland’s Island was 
left as a low level tract more subject to wave erosion than the 
higher land to the north-east and south-west Erosion was con¬ 
centrated along a red band between the tide levels 

The valley between Seal Rocks and 1 he Knobby is too deeply 
drowned to permit the growth of spits in such exposed water 

The narrow south-eastern extremity of Phillip Island also 
consists of a group of small islands tied to one another and to 
the main island The most prominent of these tied islands is 
that formed by the Cape Woolamai granite stock which is linked 
to the main island by a tie-bar $ mile wide, carrying sand dunes 
over 100 feet high (Hills, 1940, p 229) The inner tied islands 
are rounded tops of low basaltic hills that rise only 50 feet above 
sea-level, and represent the higher land between a senes of small 
valleys, some of which were tributary to the Eastern Passage, 
and some to the drowned Western Port nver system 


Topography, 

The island has a gently undulating surface with a general 
slope to the north, so that whereas the cliffs along the southern 
coast rise to heights of 150 feet, those along the northern coast 
are only about 20 feet high The highest point of the island, 
apart from Cape Woolamai (300 feet), is Quom Hill (250 feet), 
a volcanic plug about 1 mile north-east of Swan Lake Only 
four other points, Black Hill on the Ventnor-Knobhy road, 
Richardson Hill in the centre of the island the adjacent hill in 
allotment 54 and the hill to the south-east of Quoin Hill rise to 
200 feet above sea level A water parting extends from Quoin 
Hill to Rhyll 
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In the interior of die island, the valleys are shallow imltw 
depressions trending chiefly to the north or north-west (fig. f). 
Near the coast, the valleys become more pronounced, and die 
valley slopes are sometimes steep, particularly along the south 
coast. The only permanent stream, the Native Dog Creek, is 
short and flows into Bass Strait between Helen's Head and Red- 
cliff Head, through a gorge about 150 feet deep. 

Water Supply. 

Water supply is a serious problem on the island. The rainfall 
is about 30 inches a year, distributed as shown in Table I. 


Tabu 1.—Aviback Monthly Raintau. 


JuatMTf .. 



Foists. 
.. 194 

Fdtrurr • • 



154 

March 



. 247 

April 



.. 258 

Mar 



.. 292 

June 



.. 320 

July 



.. 280 

Atiruat 



.. 287 

September .. 



.. 287 

October .. 



262 

November .. 



.. 218 

December .. 



.. 206 


Potable water is available from shallow welts along the back- 
shore near Cowes township, and most of the local supply is 
pumped from these wells. The water lies at depths of from 
5 to 10 feet, and the water level fluctuates with the tides, owing 
to the banking up of the seepage at high tides. The water is 
hard and somewhat saline as is indicated by the analyses Nos. I 
and 2, in Table 2, which were supplied by the courtesy of the 
Shire Secretary. 

In the interior of the island, water is obtained from a number 
of wells and bores between 50 and 100 feet deep. The water is 
suitable for stock, but too mineralised for human consumption 
(Table 2, No. 4). It seeps down the columnar joints ot the 
liasalts and accumulates at tne base of the basalt flows where they 
overlie more or less impervious tuff beds. 

Springs occur at several localities. A spring of fresh water 
occurs on the northern side of the high sana dunes, in the reserve 
between allotments 148 and 151, in the narrow neck of land south 
of Swan Corner. The dunes overlie a thick bed of tuff, the 
surface of which slopes to the north. Rain water apparently 
percolates inland along this surface. Springs of mineralised 
water occur on the northern side of the Cape Woolamai granite, 
where the water has penetrated joint planes in the granite, and 
also close to Cape Woolamai itself (Blandowski, 1857, p. 56). 
Summerland’s House in the south-west of the island obtains 
much of its water from a spring that issues on the northern side 
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of the tie-bar joining Summerland’a Island to the main island. 
Mr. V. G. Anderson has kindly supplied an analysis of the water 
of this spring (Table 2, No. 3). 

Tasls 2.—Analysis or Wsu and Spring Warn, Phillip Island. 



Ob* per 

litre.) 




I 

2 

3 

4 

Ci 

.. n*d. 

B.d. 

113 

69 

Hf 

.. nA 

tud. 

30 

133 

Nm, K 

.. 70 

45 

136 

819 

a 

.. 100 

65 

334 

1249 

so. 

. r B.d. 

Bud. 

IB 

65 

HCO, 

. v ojJ. 

n.cL 

476 

355 

NO, 

04 

.66 

.9 


SiO, 

n d. 

n.d. 

14 


AI.O, 

.. tud 

n d 

4 


r sQi 

.. n.d. 

B.d. 


11 

THMi sa ids 

470 

340 

1027.9 

2701 


1. Mathew’s Well, Cowes, March. 1937. 

L University Camp Well, Cowet, March, 1937. 

3. Water from Summerland’s Spring, February, 1934. 

4. Water at 117 ft., and rising to 100 ft, in Bore 8, allot. 13. (Rec. 

Boring Oper., 1936, p. 60). 

The Oo&stlinen. 

The northern and southern coastlines present a striking con¬ 
trast, partly owing to the marked difference in the strength of 
wave attack to which they are subjected, and parity owing to 
the northerly slope of the surface of the island, which greatly 
reduces the cliff height on the northern side. 

Thb Southern Coastline. 

The southern coastline is exposed to the full violence of south¬ 
westerly gales sweeping across Bass Strait. It forms two large 
concave arcs, one on either side of the promontory leading out 
to Pyramid Rock, and consists of three sections of unequal 
length. 

The western section, which is the longest, extends from The 
Knobby to near Sutherland’s Bluff, where only a narrow neck 
of land, f mile wide, separates Swan Corner from Bass Strait. 
This section consists of steep to sheer cliffs, 50 to 150 feet high 
(PI. II., fig. 1), broken at irregular intervals by short stretches 
of sandy beach. The cliffs are cut in basalt and in thick beds of 
tuff and agglomerate. The steeper cliffs are cut in the basalts 
and as many as five successive flows of basalt, more or less 
horizontal, are exposed in the diff faces, and stormwave plat¬ 
forms at their bases (PI. I., fig. 1). In places, the uppermost 
lava-flow has been so eroded as to form an amphitheatre-like 
depression in the cliff tops (PI. I., fig. 6). These depressions 
are not related to drainage lines, ana it is difficult to explain 
their origin. 
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The almost vertical black cliffs in the basalt contrast strongly 
with the higher, less steep cliffs in the bright red-brown tuffs and 
agglomerate The tuffs and agglomerates only occur at intervals— 
namely, at Phelan’s Bluff, Redcliff Head, Smith’s Bluff, Suther¬ 
land’s Bluff, and at Forrest Caves and the unnamed bluff west of 
it At each locality the tuff or agglomerate overlies more resistant 
basalt flows, which, at Phelan’s Bluff and Redcliff Head, form 
the base of the cliffs for 10 to 20 feet above high tide level At 
Phelan’s Bluff, the tuff has been cut back so far that it is now 
beyond the reach of all but the largest waves and is faced with 
a boulder beach The resulting double storm-wave platform at 
first sight suggests a recent coastal emergence of 14 feet (PI II, 
fig 3) 

All the headlands, and any straight sections of cliffs are fronted 
by storm wave platforms (Edwards, 1941) These become 
narrow on the sides of the headlands, and in the smaller inlets 
they give place to steep boulder beaches, while m the larger inlets 
they give place to sandy beaches I he platforms are covered at 
high tide They tend to be widest where the cliffs are relatively 
low, and grow narrower as the cliff height increases Ihe widest 
platforms are in the vicinity of Smith’s Beach, where they are 
up to 300 feet wide The surface of a platform frequently coin¬ 
cides with the top of a horizontal basalt flow ( PI I, figs 3 and 4) 
The tops of the flows are commonly marked by a red band of 
decomposed rock or tuff from a few inches to a foot or more in 
thickness The red band is less resistant to wave attack than the 
overlying columnar basalt which is readily sapped The surface 
of the resulting platform is generally level (PI I fig 4), but it 
sometimes shows an abrupt ' step-up ” in level (PI I, figs l, 4) 
This results from the columnar structure of the basalt flow above 
the red band The basalt generally consists of an upper layer of 
columns with closely spaced horizontal joints and a base of broad 
stumpy columns with few horizontal joints (PI I, fig 3) The 
junction of the two sets is a plane of weakness and the wave 
attack may be more effective in eroding the upper layer of 
closely jointed columns than in sapping the whole thickness of 
the flow Where this has happened, me platform "steps up’’ 
the height of the lower columns (PI I, fig 4) At an advanced 
stage of the erosion of such a “ step up,’’ only isolated individual 
columns remain, rather like bollards, on the surface of the plat¬ 
forms (PI I, fig 5) 

Residuals of the upper flow sometimes remain as rock stacks 
on the storm-wave platforms (PI I, figs 2 6) Pyramid Rock 
at the midpoint of this western section of the southern coast, 
is a rock stack of residual basalt columns, surrounded by a 
"skirt” of scree on an irregular platform of pinkish granite 
(PI II, figs 1, 2) The granite platform is separated from the 
mam island by a narrow channel formed along a master joint 
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The surfaces of the storm-wave platforms are relatively 
smooth where they retain a veneer of the red band (PI I, fig 4) 
Where the red band has been stripped completely from the plat¬ 
form, its surface is usually grooved by a network of gutterways 
which follow the columnar joints of the basalt The basal! 
adjacent to the joints shows apparent pseudo-flow structure 
parallel to the jointing Ibis is an effect of directed attrition by 
sand and similar hne material swept along the gutterways 

Some platforms show sloping surfaces and abrupt changes in 
level where they are cut in gently dipping basalt flows of different 
hardness, or where, as at the eastern end of Smith’s Beach, they 
intersect a sloping bed of sihcified gravel intercalated with 
the basalts Pot holes, containing more or less spherical pebbles, 
are sometimes present 

borne platforms show a well-defined “ rampart ” at their sta¬ 
in ard edge, but others lemain uniformly level right to the edge 
(PI I, figs 1, 2) The seaward face or ‘ nip " (Edwards 1941) 
is steep to vertical, though sometimes bevelled at the top 

The line of cliffs is broken at bummerland s Bay and at Kitt> 
Miller’s Bay by stretches of beach, backed by sand dunes up to 
50 feet high These cap the tie liars joining Summerland’s Island 
and Phelans Island to the mam island At the head of Kitty 
Miller s Bay, the dunes have burted a boulder beach rising for 15 
lo 20 feet above high-tide level 

Small bay-head beaches occur in the embayments near Helen s 
Head, at the mouth of Native Dog Creek (Barry’s Beach) and at 
a few other points The Jiff line is otherwise unbroken as far 
as Smith s Beach, where there is a long stretch of beach with 
dunes accumulating on sloping cliffs of weathered basalt overlain 
by latensed tuffs East of this point the proportion of beach to 
cliffs and storm-wave platforms increases, until beyond Forrest 
Laves the transition to the second section of the coastline is 
complete 

The second section of the southern coastline extends from 
1 orrest Caves to the beginning of the granite cliffs near Cape 
Woolamai It consists of a sandy beach with occasional outcrops 
of basalt in the shore platform and is backed by cliffs cut m sand 
dunes that nse to 100 feet above sea level and form the tie bar 
connecting the tied islands to the main island The dunes are 
migrating inland Forrest Caves are two small caves about 
10 feet high cut in the face of a storm-wave platform of latensed 
tuff Their roofs have partly collapsed, and they are submerged 
at high tide 

The third and most rugged section of the coast consists of the 
granite cliffs in the vicinity of Cape Woolamai The tilt of the 
surface of the granitic stock at 5° to the north (Fdwards 1942) 
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results in an increase of cliff height southwards, until at Cape 
Woolamai the cliffs are about 250 feet high. The cliffs along tta 
south-western side of the tied island, facing the strongest wave 
attack (PI. II., figs. 5,6) present a bolder and more rugged aspect 
than those on the south-eastern side (PI. II., fig. 4). Erosion 
has driven deeply along the joint planes of the granite, forming 
gorge-like indentations (PI. II., ng. 6), sometimes fronted by 
jagged pyramidal rock stacks, cut off from the cliffs at high 
tide (PI. II., fig. 5). Storm-tossed boulders are found along even 
the highest din tops. On the south-eastern side of the tied island 
the cliffs are very steep, but the headlands are widely spaced 
between smoothly curved embayments, and the shallow bayneads 
are backed by a narrow, shelving beach (PI. II., fig. 4). There 
are no storm-wave platforms along this section of the coast, 
presumably because the rocks are too hard to permit any 
distinctive low-tide erosion (Edwards, 1941). 

Proceeding northwards along the Eastern Passage, the height 
of the diffs decreases, until a little north of the old granite quarry 
and its jetty they give place to smoothly rounded sand dunes 
(PI. II., fig. 7), which are migrating northwards along the tie-bar, 
and occasional outcrops of basalt at sea-level. Still further north, 
the coast is protected from all wave attack, and the high-tide level 
is marked by a slight nip, with trees and grasses coming down 
almost to high water level. 

The Northern Coastline. 

The northern coastline is largely screened from wave attack by 
French Island and by the easterly extension of the Momington 
Peninsula to Sandy Point. These obstacles prevent the develop¬ 
ment of large waves under the influence of northerly winds, even 
during rales. The composite tie-bars and islands at the eastern 
end of Phillip Island effectively shelter the island from south¬ 
easterly winds, and prevent rollers from passing through the 
Eastern Passage. The broad Western Passage, however, faces 
directly towards the south-west, and affords an easy passage for 
waves and rollers coming from this direction. Where these waves 
impinge on the northern coastline in the vicinity of The Knobby 
ana along the north-western side of Summerland’s Island, they 
have cut steep cliffs in the basalt comparable with those along 
the southern coast. Further from the mouth of Western Passage 
the strength of the wave action is reduced by the shallow reefs 
and banks in the Passage, and the land surface becomes lower. 
A sandy beach begins at Cat Bay (PI. III., fig. 3), and extends 
with only minor breaks almost to Rhylt. Beach cu6ps are often 

E rominent along the section between Cat Bay and McHaffie’s 
leef. In the sheltered part of Cat Bay, a sand ridge has formed 
in front of the cliffs, from which it is separated by a shallow 
swale (PI. III., fig. 3), and high dunes have formed along the 
tie-bar joining Summerland’s Island to the main island. Cliffs 
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up to 50 feet high persist from north of Cat Bay jetty to 
McHaffie’s Reef. They are cut chiefly in red tuff or decomposed 
basalt. The tuff overlies die basalt. Fresh basalt is exposed only 
below high tide mark at the headlands. Sand has accumulated 
on top of the cliffs, and is migrating inland. Wind erosion has 
exposed numerous calcareous concretions and root moulds. 

At McHaffie’s Reef, vertical cliffs up to 50 feet high occur in 
sloping beds of red tuff, overlying weathered basalt (PI. III., 
fig. 2), and a small storm-wave platform has been cut in the tuff 
on the northern side of the headland (PI. III., fig. 1). 

North of McHaflie’s Reef, the coastline trends about 30°N. 
of E., so that the south-west waves set obliquely to the shore. 
Longshore drifting of the sand tends to silt up the creek mouths, 
and the cliffs, which are reduced to 25 feet in heignt, are faced 
by one or two sand ridges .along the backshore. Low vertical 
cliffs recur at Penguin Point, where beds of red tuff come down 
to sea-level. The northerly dip of these beds causes them to strike 
across the line of the beach. 

Beyond Penguin Point, the coastline trends east. The low 
sandy cliffs continue behind a widening stretch of sloping sandy 
beach, with a broad shore platform cut in basalt or tuff showing 
at low tide. The coast is prograding and the shoreline has 
advanced about 100 yards from the cliff. According to infor¬ 
mation received from residents, the advance is about 1 yard a 
year. The back shore consists of one or more ridges of fixed 
sand, separated from the old cliff line by a broad swale. The 
beach slopes steeply between high and low water marks, and 
at low tide there is a strong issue of seepages a few feet above 
the low water along almost the whole length of the beach. Three 
small headlands of red tuff, the Mussel Rocks, break the beach 
line close to Cowes pier. 

East of Cowes pier the waves produced by both south-westerly 
and north-westerly winds combine to set up long-shore drift to 
the east, with little or no counter tendency from the shallow 
and sheltered eastern part of Western Port Bay. The eastward 
drift has caused the formation of a spit, which is now 3£ miles 
long and is still building out eastwards (PI. III., fig. 4). This 
spit has grown across the mouth of a large bay, silted up into a 
salt marsh, part of which has been drained (PI. III., fig. 7). The 
original coastline is marked by a line of cliffs continuous with 
the present cliffs facing the Nits near Rhyll, and extending almost 
to Cowes. The older part of the spit is covered by dunes which 
carry thick tea-tree scrub, but the eastern end is a bare sand 
bar (PI. III., fig. 4). The tip of the spit is exposed only at 
low tide, for a distance of about 1,000 yards, ana is becoming 
compound. The part of the bay still open behind the spit is 
largely mangrove swamp. 
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Prior to the growth of the spit steep cliffs 50 feet high were 
cut in Jurassic sediments and Tertiary basalts that outcrop west 
ot Rhyll (PI III fig 5) Where protected by the spit these 
cliffs are weathering to form gentle slopes but at the north east 
comer of the island where the coastline turns southwards they 
are exposed to wave attack and are nearly vertical The basalt 
of which they are composed 19 largely decomposed above high 
water mark 

South of Fisherman s Point at Rhyll where the coast is 
protected from all but occasional small waves progradation is 
taking place and a sandy flat extends out some hundreds ot 
vards from the old cliff line which is now rounded and glassed 
to a nip about 4 feet high fronted by a beach a few yards 
wide (PI III fig 8) Bores at intervals up to 175 feet out to 
sea from the jetty show that the original surface of the sea floor 
lias been buried beneath more than 50 feet of muds The head 
i f the bay between fishermans Point and Long Point is partly 
silted up and the silting up process extends around Long Point 
into Swan Ci rner (PI III hg 6) which 19 sheltered by 
Churchill Island At low tide Swan Comer becomes a mud flat 
with a shallow channel in the centre but an old cliff line is 
evidence of past wave attacks At Newhaven beyond the shelter 
(t Churchill Island cliffs develcp again in decomposed basalt 
tnd similar cliffs occur on the north eastern side of Churchill 
Island 

General Geology 

1 hillip Island consists essentially of a number of flows of 
Tertiary Older \ olcanic liasalts intercalated with beds of red 
tuff and agglomerate and overlying Jurassic and Palaeozoic 
sediments and Palaeozoic granites Outcrops are largely obscured 
1 \ soil and alluvium and near the coast by sand dunes 

1 he earliest desenpti >n of the geology is given by Blandowski 
(1857) in a report cn h s journey from Kings Station to Bass 
River Phillip and 1 rench Islands The Woolamai granite has 
lcen described by Mclnerny (1929) but apart from this other 
geologists have made only passing reference to the island The 
s uth eastern comer of Phillip Island was mapped by Stirling 
in 1892 as part of Quarter Sheet 76 SW and during the present 
work an incomplete manuscript map of the island by Stanley 
Hunter was made available to the author by the courtesy of Mr 
\\ Baragwanath Director of the Geological Survey of Victoria 

Palaeozoic Sediments 

Although not outcropping on Phillip Island Palaeozoic sedi 
ments have been proved in situ in deep bores at Cowes (Bore 
Mo 2) at a depth of 306 feet below sea level and at Rhyll (Bore 
No 1) at a depth of 459 feet Sandstones presumably of 
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Palaeozoic age were encountered at a depth of 216 feet in Bore 
No 8 in allotment 143 Xenohths of little altered rock several 
feet across occur m the granite outcrop opposite Pyramid Rock 

The Palaeozoic sediments must occur m the sea bed in the 
vicinity of Cape Woolamai because boulders of hornfeb and 
indurated sandstone are found on the southern beaches in the 
vicinity of the granite stock and similar boulders are found dung 
the south western cliffs of the granite area where they have been 
tossed up by storm waves It seems likely that these rocks form 
ihe sea lied over a considerable area lietween Cape Woolamai and 
Pyrinud Rock 

The sediments are prolidbly of Ordovician agt since 
Ordovician graptolites have been found in Iniuldcrs of slate near 
<jnftith s Point on the San Remo Peninsula (Hall 1904) 

JUR\SMC SFDIMFNTS 

noted by Blandowski (1857) Jurassic stiati ciitcrop in the 
north eastern corner of the island in the cliff sectu n facing the 
Vit'i west of Rhyll township (hg 1) They extend inland for 
alnnit ^ mile and then pass beneath alluvium and Tertiary basalts 
The cliff section is about 50 feet high and excellent exposures 
are afforded in quaines ak ng the cliff face (PI Ilf fig 5) The 
sediments consist of felspatnic grits and friable arkose with a 
few thin beds of grey and black mudstones The mudstones 
contain fragmentary plant remains such as Alethoptcrts and 
!\phcnoptens sp sufficient to establish their Jurassic age 

Ihe beds dip southwards ind show gentle fold undulations 
along the cliff face Blandowski ct ncluded that these beds under 
he the inlet to the north and estimated then thickness at lietween 
400 and 500 feet This is borne nit by Bore No l in allotment 
17 which passed from Jurassic to Palaeozoic strata at a depth 
of 459 feet lielow sea level (Ann Kept Dept Mines for 1912 
p 117) No other outcrop of Jurassic rocks is known on the 
island but the Cowes bore put down at sea level in the Recreation 
Reserve encountered a thickness of 120 feet of Jurassic strata 
beneath 186 feel of has ills md tuffs Bore No / at New haven 
reached the Jurassic at a depth f 294 feel in allctment 13 (fi^ 1) 

TricmRY Sum mi* Nrs 

Thin beds of pre basaltic gravels derived from the adjacent 
giinite occur in the cliffs f icine Pyiamul Rock and along the 
northern margin of the tape Woolamai gianite Post4nsaltio 

f -ave's of a similar character cap the basalt flow facing Pyrarpid 
ock and an inter basaltic gravel about 10 feet thick Which has 
lieen converted to quartzite is found at the eastern end of Smith's 
Reach where it outcrops as a ndge m the storm wave platforhl 
"Boulders of this quartzite are numerous along the adjacent 
1AM/4X —2 
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beaches The outcrop is ciescentic to the south and dips inwards, 
indicating that it was deposited m a north sloping valley iu the 
underlying basalt 

Red gravels up to 10 feet thick overlying decomposed basalt 
outcrop from beneath the dune* just noitn of Cat Bay letty 
They resemble the Red Reds above Older Volcanic basalts at 
Stony Point and at Cormella Point on the western and eastern 
shores of Western Port 

Recevt Sediment 

Alluvium fills most of the shallow valleys on the island and 
dune sands arc ft unci it intervals along the coast especially along 
the tie bats Recent sands mid gravels are developed where 
the sheltered pirliuis if the coast are progndmg 

It Ntous Rocks 

\mpiiiboi ms 

Numerous boulders of 'implubohte hive been washed up in 
the slungU and Ik ulder beach ilong the western side of Kitty 
Millci s Biy (Phelans Bluff) They may lie denvcd from Pre 
{ ambrian neks offshc re but it seems more prohible that they 
lit derived fiom the Iwllast of the bjiekc which was wrteked 
c ff this point in I thrum 1906 

Gr \MTrs 

Granites presumably >f Devonian age outcrop u the south 
eastern extremity of the island at Cape Woolamai and at 
Pyramid Rock mulw vy along the southern ciast fig 1) 

Hit Woolamai granite is a stock like IkkI y covering an area 
cf aliout 4 squire miles lhe eroded surface of the stock slopes 
at S°N The stock was originally pirt if the Bass hurst and 
owes its n rtliward tilt t the fault movements that gave nse to 
lh< horst (I dwaids 1942) (vood c\p >stires arc limited to the 
cliffs I he roik has l>een described by Mclnemy (1929) ind 
lt-s heixy minerals have been listed by Baker (1942) It is the 
most acid of analysed Victorian granites It consists of quartz 
microperthite and ohgoclase and occasional flakes of biotite 
Some of the biotite is altered to chlorite which accounts for the 
intense green colour of the mica noted by Blandowski (1857 
p 54) The microperthite contains much iron oxide dust which 
causes it to appear a pleasing pink in the hand specimen The 
rock is relatively coarse grained individual crystals averaging 
about 3 mm across It has a high crushing strength (27 100 lb 
per sq in ) 

The granite h^y been quarried for building purposes on the 
eastern side of fpe stock dose to water level It is strongly 
jojqted in the vichnty of the quarry, one set of master joints- 
strikes N S and dips at 60® I another strikes E-W and dips. 
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at 30°S On the opposite side of the island this jointing has 
given rise to pyramidal rock stacks Along the south eastern 
part of the coast two sets of flat dipping jomt9 one dipping east 
and the other west combine with nearly vertical joints to produce 
a columnar or blocky structure in the cliffs 

\ eins and segregations of aplite and pegmatite traverse the 
granite in places Crystals of reddish brown oulioclase an inch 
or more long are found in vughs in the pegmatites Xcuoliths 
and segregations of basic minerals are generally absent 

\i its northern end the granite is cverhin by thin l>cds of 
feitiiry gravels largely denved from the gtamte ind by 
Tertiary basalts and Recent dunes 

Oruiite outcrops at the bast of Pyramid rock in the Jiffs of 
the main island where it is overlam by thm gnt l>eds and by 
columnar liasalt 1 his outer ip is hner grained than the Woolaniai 
granite lmt is therwise similar It contains xenoliths of 
PalaerzoK sediments langmg up to 3 feet across I he larger 
xenoliths are practically undigested 

ImriARY Voicanic Rocks 

Jhe Itrliarv volcanic rocks consist of flows of basalt uf thick¬ 
nesses ranging from 15 ft to 90 ft intncalaled with beds of tuff 
and agglomcrite up to 150 feet thick 1 he tuffaceous material 
is generally altered to red clay red ochre or latente The 
rrlaticn cf the volcanic rocks to the fault movements that have 
affected Western Port leaves no doubt that they lielong to the 
Tertiary Older Volcamcs and this is confirmed by the petrological 
cliaractei of the basalts 

Pyroclasiic Rocks 

ihe volume of pyroclastic rotks on Plulhp IsUnd appears to 
equal the vclumc of lava flows They are best exposed alcng the 
southern coast lietween Phelans Bluff ind honest Caves They 
form prominent red headlands The\ shi w mde stratification 
and at Redcliff Head Smith s Beach and I orrest Caves they 
dip inland U about 5°N Ihe coarsest agglomerate contains 
angular fragments of decomposed shaly material several inches 
across eniliedded in red Jay Massive agglomerates grade with 
decrease in the size of the fragments into beds of oenreous red 
clay such as have been found intercalated between the Older 
Volcanic basalts at Ihndeis and korkuperrimul Creek (Jacobson 
and Scott 19V) In places as east of I orrest Caves the tuff 
is only partly ironstamed and unstained grey Jays are found 
With hardened red clay in the joints and bedding planes The 
soft grey clay contains about 40 per cent of gibb6ite and halloy 
site soluble in sulphuric acid Where this parti-coloured tuff is 
subject to wave attack the grey clay is washed away leaving 
a coarsely honeycombed cliff face 
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At Smith's Beach, red tuff overlying deeply weathered balWt* 
is completely lateritized. 

Ochreous red tuff beds outcrop in the vicinity of McHaffie’s 
Reef and at Penguin Rocks. At McHaffie’s Reef, and for about 
300 yards south of this headland, the tuffs form a gently domed 
structure which is exposed in section in the cliffs. Presumably 
these a'rched tuff beds are part of an old volcanic cone. Some of 
the tuff is closely spotted with areas of a white day-like zeolitic 
substance, apparently halloysite. 

At Penguin Rocks, red tuff beds occur which dip to the north, 
itnd form an abrupt low cliff crossing the beach almost at right 
angles. A quarter of a mile to the south-west what are apparently 
the same beds outcrop in the beach with a southerly dip. Between 
these two points the red beds can be observed in the cliff section, 
where they dip eastwards. Presumably these tuffs mark another 
centre of eruption. 

Similar, but lateritized, red beds form the Mussel Rocks near 
Cowes Jetty and outcrop in the main street; shallow cuttings 
along the various roads across the island indicate that the tuffs 
are widespread. In most of the outcrops they can be seen to 
overlie basalt flows, but at Smith's Beach a basalt flow can be 
seen in section, filling a valley eroded in the tuffs. 

Lava Flows. 

Flows of basalt extend over the greater part of the island, but 
with a few exceptions, such as Quoin Hill, exposures in the 
interior of the island are poor. The best exposures are along 
the southern coast between the Knobby and Summerland's Beach, 
and between Kitty Miller's Bay and Smith's Beach. Along these 
sections of the coast as many as five successive flows arc exposed 
in section. The individual nows are from 15 to 90 feet thick. 

At Pyramid Rock and at the northern end of the Wookmai 
granite mass, the basalts can be seen overlying the granite bed¬ 
rock, but the bore records show that the base of the basalt scries 
lies well below sca-level—near Newhaven it is between 200 and 
290 feet below sea-level, while at Cowes it is about 180 fret below. 
It is probable, therefore, that the granitic outcrops, and the 
Jurassic outcrop west of Rhyll, represent hills rising above the 
general level of the pre-ljasaltic terrain. 

The outcropping basalts are all closely similar. They are under- 
saturated olivine-basalts, chiefly of the Flinders type fEdwards, 
1938). Samples from the two flows encountered in the Cowes 
bore are also of this type. The rock composing Quoin Hill is an 
olivine-basalt with titanifetous augite, and is of the Moorooduc 
type. Thin sections in the Geology Department collection include 
an olivine basalt of the Keilor type. The only ptfier variant 
encountered is an olivine-basanite, from the bottom of the gorge 
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near the. mouth of, Native Dog Creek. This rock is very closely 
allied to the characteristic monchiquites of *the Older Volcanic 
series, except for an unusual richness in analcite. 

Zeolites, chiefly gmelinite and chabazite. and sometimes 
aragonite, abound in the vesicles of some of the flows, particu¬ 
larly near their bases, especially in the vicinity of Smith’s Bluft 
and Sutherland's Bluff. 

The only prominent point of eruption is Quoin Hill, an almost 
conical plug which rises steeply to about 150 feet above the 
surrounding country. A flow appears to have issued from this 
'centre on its west side. 

The only chemical analysis of these basalts is that quoted by 
Skeats (1909) from Selwyn’s Catalogue of Rock Specimens and 
Minerals in the National Museum, Melbourne, 1868. The 
analysis, which is a second-grade one, shows a general resemblance 
to analyses of the Flinders type of basalt but is not typical in that 
the MgO content of the analysed specimen is unusually high, 
and the CaO content is lower compared with most Victorian 
analyses. 

Dykes. 

Several light-coloured dykes of a mugearitic character have 
been intruded into the basalts in the storm-wave platform at f’oint 
Grant. They are up to 2 feet wide, and fill master joints in the 
basalt, sometimes projecting as low walls. They sometimes step 
sideways along joint planes, and then resume their main trend, 
uqtil they split into several branches a tew inches wide, each 
following a separate joint plane. Some movement has taken 
place since their intrusion, because one dyke was observed to be 
slightly faulted The dykes have chilled margins, with a some¬ 
what coarser centra] part, showing flow handing. They consist 
essentially of parallel laths of felspar, too altered for precise 
determination. Much of it appears to be oligoclase. Ferromag- 
’ nesian minerals, if originally present, were restricted to the 
groundmass, but the rock is too altered to reveal them. 

Several similar dykes intrude the basalts in the shore platforms 
between Cat Bay jetty and McHaffie’s Reef. 
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Description of Plates. 

Platf I 

Fit 1- The Rnobly from Summerland i Jd tiut at low tide S M 1 Rock* in the 

distance 

Flu 2 - Storm wive platform with rode ntack cut in horirontal basalt flown south 

count Summetland i Island near the blow hole 

>ic J—Showing the culumiui nt rue tine of the haMlt overlying the ' red baud w 
m winch the -norm wave platform is cut 

Flo 4 —Surfaci of a wtorm w i\c pi it form cut mi rid land with a <ep up * 

in the left middle distance 

Jlc 5—Retidual column nf basalt with •» pedestal of ml hand on n t nnwm 
platform 

Fio 6—Ampitheatre like depression in cliff tip Summerland a 1 land 


Platf II 

TiO t Basalt c 1 1 ftw fronted by rtwm wave platform in the vanity of Pyiaraid 

Rock neir high tide Cape Wo* lamai on the akylme 

Tic 2 Pyramid Ruck confuting of a residual of colamiur bisalt aurrounded by 
n kiltie wereea on a base of lighter eolouted granite 

Fio 1 —Phelan a Bluff from Kitty Miller n Bay it high tide The Bluff conaiat* of 
thick tuff beda overlying a baaalt flow which noe* to 14 feet above high tide 
Itvel Storm waves have cut liack the overlying tuff giving nae to a high 
level at arm wave platform suggestive of recent emergence 

J*io 4—Granite coast on the relatively protected south eastern aide of Cape Woolanuu 

Fit. S—Granite tout on the ixpostd southwestern wide of Tape WooUmm ah wing 
influence of joint pl>mcw on the development of lock stock* 

Fir t — GroniU coast on the expoaed south weatern aide of Cape Woolamat ah wing 
the influence of the joint plane* on the development of gorge like embayment* 

Pic 7- Sind dunes glowing on the protected coast tf the Kaatcrn Paaaige 


Platf III 

Fio I Small storm wave platform cut in red tuff at McHafBc a Reef 

Pic 2 (lift sectun thiough domed tnff beds at McIHffie a Reef 

>ic a —Dune ridge on the back shore at Cat Bay Tree covered dunce fronting 
Summerland % Island tie bar in the middle distance and Quoin Hill on the 
akylme 

Fio 4 — Fnd of the spit fronting Mangrove Swamp west of Khyll French I aland 
on the akylme 

Fio 3 —Quarry in Juruaic rocka in the old chffa north weft of Rbyll 

Fio h Progiaded beach on Swan Corner 

Fio 7 —Silted up bay behind the spit extending exit from Cowefl looking from the 
tup of the old cliff'dJne The old cliff* can be seen in the distance 

pio 0 —Nip cut in i rograded land at Rbyll townifaip 
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Art. II .—The StrstiprapMcal Range and Habitat of the 
Diprotodontidae m Southern Australia . 

By R. A. KEBLE. 

[Palaeontologist to the National Mwran, Melbourne.] 

[Read 13th July, 1944; issued separately 10th December, 1945 ] 

▲bttrfcot. 

Records of Diprotodon and Nototherium in Victoria, in the adjoining 
part of South Australia, and in King Island have been examined and in 
most cabcs more or less indefinite localities have been fixed with some 
precision The beds containing the Diprotodontidae have also, in many 
cases, been identified. 

Owen's locality "near Mount Maccdon" for wme of his paratypes of' 
D . atutralu is recognized a* a spring deposit at Lancefield. 

Each occurrence is discussed from the standpoint of its stratigraphy and 
correlated with the terraces of the Maribymong valley, or, where possible, 
with the scoria cone flows of western Victoria. 

The Diprotodontidae are believed to be restricted to the Upper Pleisto¬ 
cene or the upper part of the Middle Pleistocene; their appearance is sub* 
sequent to the first vulcanism responsible for the Newer Basalt No 
remains have been found in beds below the Newer Basalt lava plain 
phase 

Their habitat is discussed and it is submitted that they flourished i\hen 
the climate was wetter and the flora more luxuriant, probably during 
periods when the Upper Pleistocene glaciations occurred in southern lati¬ 
tudes 

Diprotodon is recorded for the first time from King Island, and, as it is 
a continental genus, it ib interred that the land bridge connecting King 
Island with the mainland was broken after it first appeared in Victoria, 
i.e., in the Upper Pleistocene or the late Middle Pleistocene 

The validity of D . longiccps as a uprcies is. confirmed by a rc-exammation 
of McCoy’s holotypc 


Introduction, 

There are records of Diprotodon and Nototherium from a 
niimlwr of places in southern Australia; this contribution deals 
with those in Victoria, in the adjoining part of South Australia, 
and in King Island. Most of the specimens were obtained before 
1900 and there is a general lack of detail as to the exact positions 
and their containing strata. An exception is the North Melbourne 
specimen recorded by G. B. Pritchard (13); he published a plan 
on which he accurately marked the position, and in his contribu¬ 
tion gave particulars of the stratum. On the other hand, an 
exhaustive search for additional particulars regarding the 
important Colac specimen—McCoy’s (10) holoty^tol Diprotodon 
longiceps —has been futile and further information seems to he 
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now unobtainable. By examining records, some of them made 
100 yean ago, more or less relevant additional information was 
obtained regarding many of the specimens. Diprotodontidae from 
the following localities rmve been dealt with - 

1. North Melbourne. 

2. Foottcny. 

3. Duck Ponds. 

4. Limebumer's Point. 

5. Laneefield (Mount Mscedon). 

6. Talbot (Back Creek). 

7. Lake Colonaulac (Lake Timboon). 

8. Colac. 

9. Omeo, 

10. Buninyotig. 

11 Coimadai. 

12. Watch Hill (? “Murchill”). 

13. Melton. 

The occurrence of Diprotodon at Portland and the Goullmm 
River is mentioned in correspondence but no other particulars 
are given. Information regarding the molar of D. australis 
(No. 14403) obtained on King Island, and which is here 
recorded for the first time and discussed from the standpoint of 
the range of Diprotodon, has been supplied by the finder Mr. J„ 
Graham Haines of King island. 

The stratigraphical range of Diprotodon and Nototherium is 
correlated here where possible with the succession of fluviatile 
terraces in the valley of the Maribymong River worked out by 
K. A. Keble and J. Hope Macpherson, more detailed particulars 
of which are to be published shortly in the Memoirs of the 
National Museum, Melbourne. Some occurrences are correlated 
with the succession of lava flows and tuffs implied by H. J. 
Grayson and D. J. Mahony’s Memoir (5) on the Camperdown 
and Mount Elephant districts. Nototherium has been found in 
the same lied as Diprotodon at Talbot (Back Creek), Laneefield 
(Mount Macedon), and Omeo. At Buninyong, Coimadai, Watch 
Hill (?), and the lied of a creek about 1 mile north-east of 
Melton it occurs' without Diprotodon. 

The Diprotodon and Nototherium remains at North Melbourne, 
Foot sc ray, Duck Ponds, Linieburner’s Point, and Coimadai were 
found in fluviatile or lacustrine beds deposited in tributary valleys 
of the Yarra stream system. The bathymetrical contours of Port 
Phillip Bay—a sunkland on which the lower reaches of the Yarra 
stream system have been submerged—disclose delta deposits and 
wave platforms that may he correlated with the Maribyrnong 
Valley fluviatile cycles. There are no Pleistocene glacial deposits 
in Victoria, hut keble and Macpherson have assumed that the 
terraces, platforms, etc., were formed by eustatic adjustments of 
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pa level caused by glaciation* in other regions. They found that 
{he Maribyrnong Valley was'little affected by tectonic movements, 
Which usually tqpk toe form of warping jpid tilting. ^Their 
'succession* with a correlation with the European, glacial and inter* 
glacial stages indicated by F. E. Zeuner (21), is as follows:— 
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Vertical eroaion 


NEWER BASALT (lava plain i»ha e) 


The duration of the vertical erosion that preceded the deposi¬ 
tion of the Keilor Flood Plain is uncertain; a Middle-Lower 
Pleistocene age is assumed for the lava plain phase Newer Basalt 
on which the vertical erosion was initiated. There is, however, 
an unbroken sequence back from the Recent to the Keilor Flood 
Plain. 

Grayson and Mahony (5) divide the basalts of Caniperdowtt 
and Mount Elephant into two groups, which, they say, differ in 
relative age and to a certain extent in character. They use the 
terms “ earlier " and “ later ” for these basalts. 

The origin of the “ earlier ” liasalts (the Newer Basalt in Keble 
and Macpherson's succession) which are exposed over very con¬ 
siderable areas and up to 100 feet thick is. they state, very 
obscure. They state also that the lava plains—the surface of 
these earlier l&salts—are traversed by natural drainage channels 
and there are on tliem depressions with gently sloping sides, in 
which water lies for long periods. But it should be pointed out 
that there is evidence of an earlier drainage system—old flood 
plains that do not now function—in the districts. No remains of 
the Diprotodontidae have been found under the “ earlier ” basalts. 

The Hampden Tuffs, the name given to the tuffs of the 
districts, which cover a considerable area around Camperdown 
'and Lake Keilambete and on the floor of take Bookar at Terang, 
are bedded and distinct from the^ heaps of scoria around the 
scoria cones from which the “ later ” basalts came; they were 
stratified while the volcano from which they came was in active 
operation. They may lie regarded as a series intermediate between 
tne “ earlier " and “ later ” basalts: the “ later ” flows at places 
rest oq them. Besides covering the beds of lakes within the area, 
over \yhich they fell, they probably also covered the drainage 
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channels and depressions on the earlier flows and thofc of the 
older drainage system that preceded it Under the Htanpden 
Toffs, where drainage channels and depressions existed tBuvial 
and lacustrine deposits probably occur and it is possible thU Some 
of the remains of Dxprotodontodae in bone beds on the thorei 
of lakes may have been derived from some of these resorted 
•older deposits as for instance those of Lake Colongulac 

lhe 4 later basalts are always closely associated with the 
scoria cones—the points from which they were erupted lhe 
flows are often slightly raised above the general surface of the 

earheT lava plain and form low platforms from which the 
scoria cones rise In 7nan> cases the flows are of limited extent 
and at Mount 1 erang there is a good section in which four 
distinct flows together forming a thickness of 15 feet and 
associated with unstratihtd suna are exposed and rest on the 
undenuded surface < f the lidded tuffs—the Hampden I uffs 
(jrayson and Maliony regard the latei basalts as of vtry 
recent origin and thit though the) aie approximately of the 
same age some of these fl ws are no doubt considerlbly older 
than others md nt sharp line can l>e drawn between them and 
the earlier basalts 

The lhf>rotodonhdu that were obtained it Talbot probably 
came from i lacustrine deposit formed in a lake due to the 
daninnng of Back Creek by a scorn erne flow across its outlet 
the sub basalt lake at Huninyong was likewise formed b> dam 
ming in this case hv the Yarrowcc flow The Miunt Gambler 
and Mount Scbanck remains weic found under vole inic ash that 
came fiom those lectnl ctaters 

Grayson and Malum) s rcugmtion of carliei uid later 
basalts and the intermediate Hampden luffs in the taniperdown 
and Mount Tlephant districts is taken here to apply generally to 
the volcanic activity throughout Victoria known as the Ntwer 
Basalt In interpreting the geologic il maps it Ins been found 
convenient to icier U the cuher hisahs as the lavi plain 
phase and the later l>asalts as sum cone phase 

Up t > the present it has not l*cn found possible to correlate 
the cycles <f eiosion uul fluvnttlc deposits of the Maribymong 
Valley with the Hampden luffs and the scorn tone flows the 
only correlative datum is tint I>oth series post date the lava plain 
phase But every horiz n in the liedded Hampden Tuffs each 
scoria cone flow and each fluviatile and lacustnne deposit in 
the Western District is contemporaneous with some part of the 
Maribymong Valley fluviatile deposits or river cycles It is 
noteworthy however that although there are scoria cones in 
the Maribymong Valley at no place is a scoria cone flow found 
resting on a river terrace or is volcanic ejectamenta bedded with 
the fluviatile deposits On the other hand there is evidence in 
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At ihjk Ponds Valley of a lava flow, presumably from a nearby 
scoria ctiAe f having flowed on to the Kenor Flood Plain, damming 
the stream to form the lake in which the freshwater limestones, 
the beds Containing D. longiceps accumulated. The Burnley 
basalt also*.covered fluviatile deposits in the valley of the Yarra 
that extend into and cover the Diprotodon beds of North 
Melbourne Wl Foot sc ray. 

Ooottmaeei of the Diprotodon tidae. 

1. —NoRvrr Melbourne. 

In 1899 a fairly large fragment of the right half of the lower 
jaw of D. austrais Owen was found in the excavations for the 
main sewer at Arden-street, North Melbourne. G. B Pritchard 
(13) states: “the present example was found in a tunnel 
excavation under the Moonee Ponds Creek near Arden-street* 
North Mel1>oume, the depth of the tunnel below the present bed 
of the creek being approximately 25 or 35 feet l>elow the 
surface . . . Tne matrix in which the bone was found is a 

sandy clay of a fawn or brown'sh colour, containing glassy quartz 
grains up to one-sixteenth of an inch in diameter—some well 
rounded, while others are sub-angular—and small flakes of white 
mica, apparently muscovite ... In the extension of this 
same sewer towards Kensington at a distance of about 200 feet 
from where the bone was found, numl>ers of marine shells were 
found, all of which appear to be recent specie*, and this close 
association of these remains seems to warrant the application of 
Pleistocene for the geological age of the deposits in the area." 

The log of the bore put down where the Diprotodon was found 
by the Mellxmrne and Metropolitan Hoard of Works was— 


a Filling .. .. .10 feet. 

b. Silt .... 19 feet 

r. Yellow ami red clay 8 feet 

tl Sandy clay 17 feet. 

Total depth . 54 feet 


The specimen came from bed “ d. M 

The sequence of the fluviatile deposits and cycles of the 
Moonee Ponds Creek, and incidentally, the Maribymong and 
Yarra Rivers was as follows :— 

Raised Beach ?. 

Flood plain deposited in diverted stream (Yarra River) 

Dune encroachment. Diversion of Moonee Ponds Creek and cap¬ 
tured Yarra into the Maribymong River. 

■Capture of the Yarra by Moonee Ponds Creek after the Burnley 
Basalt (scoria cone phase). 

Flood plain deposits—beds " b ” and 41 c” in above log. 

Vertical erosion. 

.Sandy clay, etc —Diprotodon bed, 41 d " in above log. 
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As regards the age of thq Piprotodon, b?d it ip either at .the* 
,,base pf the Recent or the summit of the Pleistocene. 

i 1 * * 

‘2.—ffooTSCaAY. 

1 In January, 1899, D. australis was found in Fobtscray. "The 
specimen (No. 13,000) represents most of the left ramus pf'the 
lower jaw with its fore part and symphysi&l boss: in their sockets 
are three worn molars (MI, 2 & 3), two imperfect pre-molars 
(D3 & 4), and the socketed portions of twd tftoben-off incisors. 
It was found at a depth of 36 feet in sewerage excavations. 
These are all the facts that have been recorded concerning the- 
specimen, but old records kept by the Melbourne and Metro¬ 
politan Board of Works enable its locality to be fixed within 
narrow limits. 

The depth from which it was obtained indicates that it came 
from excavations for a main sewer. In 1899 and previous to 
that year, in Footscray proper, only the excavations for the main, 
sewer between the Marihyrnong River and Lloyd-street reached 
a depth of 36 feet. The area on the left bank for some distance- 
to the east was then part of Footscray and the excavations in 
this part were also 36 feet deep but gradually shallowing to the- 
east. The bores put down by the Board on the right bank were 
in the lava plain phase of Newer Basalt except Bore No.' 43 
which was on the toe of the bank 200 feet downstream from the 
Napier-street Bridge. The log of this bore was— 


a. Filling 

,. .. ,. 

.. 4 feet. 

b . Silt 

.. ., 

5 feet. 

c. City 

• • . . .. 

.. 35 feet. 

d. Stnd 

*• ■■ «- 

2 feet 


Total depth 

.. 46 feet. 


A section across the Maribyrnong River available from the 
logs of bores put down by the Railway Department along the 
Footscray to Melbourne railway line about } mile to the north 
of the sewer shows a few feet of sand resting on river silt and 
jnud, which occupies a river channel cut in sandy clay. The 
matrix adherent to and in the crevices of the jaw bone is a day 
containing coarse quartz sand and there is little doubt that the 
Diprotodon came from bed “ c ” in the log of Bore No. 43. 

The Footscray sewer is the westerly extension of that at North- 
■Melbourne in excavating which Pritchard’s Diprotodon was- 
found, and the containing bed at Footscray is probably a westerly- 
extension of the North Melbourne bed. 
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4 and 4.— Duck Ponds and Limeburner's Point. 

R. Daintree (4) states in his report on Quarter Sheets 19 S.E., 
24 N.E., and 24 S.E.: “ The deposits of freshwater limestone at 
Litnebumer s Point, Geelong, and the Duck Ponds, appear to 
have taken place just after tne close of the volcanic period, and 
before the subsidence of the land to receive the sea which 
^deposited the Queensdiff beds/ 1 

' Diprotoion has been found at both places, and judging by the 
similarities in the fossil freshwater shelly fauna and the lithology 
of each deposit they were deposited under the same conditions 
And were contemporaneous. The geological history of Duck 
Ponds, sometimes referred to as Duck Ponds Creek or HovelKs 
■Creek, is clearer than that of Limebumer's Point and is dealt 
with here at some length. 

-3.—Duck Ponds. 

The exact locality and the bed from which the upper and 
lower incisors (No. 1892-3) identified by McCoy (10) as belong¬ 
ing to Diprotodon longiceps were obtained by the Rev. C. S. Y. 
Price, has not been recorded. The specimens are so well- 
preserved—there is little mineral replacement and an absence of 
.adherent matrix—that a doubt arises as to whether they were 
<t» situ. A note on Quarter Sheet 24 N.E., viz., Lime kilns in 
excavating which several bone caves were found,” increases this 
doubt. In the absence of information to the contrary, however, 
and the fact that the Limebumer's Point specimen was definitely 
it* situ in what appears to be the same bed, it has been assumed 
ithat the Duck Ponds specimens were obtained from the limestone. 

Daintree in Quarter Sheets 19 S.E. and 24 N.E. shows the 
Duck Ponds freshwater limestone as occupying the valley of 
Dude Ponds Creek. The succession shown by him on those 
^Quarter Sheets may be tabulated as follows:— 

A Alluvial, fluviatile and swamp deposits Recent 

PI a. Estuary beds; b. Raised beaches .. Post Pliocene 

TP** Calcareous clay, sandy beds, gravel .. Newer Pliocene 

L Freshwater limestone Tertiary 

V Upper Volcanic (lava, plain phaiej Pliocene 

TP Sandy beds, clay, shale .. .. Older Pliocene 

TM Marine limestones, clays, &c. Miocene 

The following is an interpretation of the succession in terms 
of sedimentation and stream development derived from surface 
physiographical evidence; the lava plain phase of the Newer 
Basalt obliterated all earlier physiographical features. The 
-symbols used on the Quarter Sheets in the foregoing summary 
of Daihtrec^s suttession are given to fadlitate comparison with 
It ami "'the eyefes And terraces worked out by KeWe and 
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Macpherson m the Manbymong River Valley It will be noted 
that the Upper Volcanic (V) or Newer Basalt lava plain phase 
J9 regarded an Lower Middle Pleistocene, not Pliocene, the age 
assigned to it by Damtree 


1 \ 

2 PI 

3 

4 

5 

6 

7 

8 


Alluvial fluviatile and swamp deposits 
Fhtuary beds raised beaches * 

Rejuvenation 

Low level flood plain dep isits in tributaries 1 

Rejuvenation Breach of dam j 

High level flood plain deposits in tnbutirie* } 

following 7 v 

Vertical cr sion 1 

Regional subsidence on I ovely Banks ) 

Monocline 


Recent 


Manb> rnong 
Cycle 

? Bray brook 

Cycle 


9 TPS Calcartous cla> sandy beds gravel &<. 

10 1 Dt position f Jhprolodon fresh water lime 

stone 

11 ? sccrn com. flow dams Duck Ponds valley 

12 H od plain deposits in railway bores 

f flowing 13 

13 Vertical erosion of Duck Ponds Creek 

14 V Upper Volcanic (lava plain phase) 


Keilor 

Cycle 


Sections of the freshwater limestone (L) disclosed by wells 
and bores put down by the Railway Department show that it rests 
on flood plain deposits \ well sunk at its noithern extremity 

S ve the following section particularized on Quarter Sheet 
S b — 


Soft sandy loam 

4 feet 

Ruhhly limestone 

6 feet 

Compact limestone containing 

fresh wattr shells 

Planorbu Limnaea 

4 feet 

Soft rubbly limestone 

6 feet 

Calcareous sandy clay 

4 feet 

Soft dteompOM-d basalt 

2 feet 


Total depth 


26 feet 


The borts put down for the Railway Department were for the 
foundations of the bridge to carry the Geelong-Melbourne rail¬ 
way over Duck Ponds Creek The deepest bores reached a depth 
of 30 feet below sea level and passed through intercalated muds, 
clays, sands and gravels only one bore encountered limestone— 
a bed 5 feet thick —5 feet above sea level The significant 
information supplied by the bores is that 21 feet under the bed 
of Duck Ponds Creek a bed of quartz gravel and rotten shells ” 
overlies stiff clay, unfortunately we are not told whether the 
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u rotten shells were freshwater or marine 1 he horizon of the 
single bed of limestone is 14 feet above the shelly quartz gravel 
The bores penetrated other shelly beds lateral extensions of the 
tidal deposits at present tide limit in the bed of the Creek On 
Quarter Sheet 24 N there is a reference to a cliff section 
showing about 20 feet yellow sandy limestone thin limestone 
is at a higher horizon than any of the lieds disclosed by the rail¬ 
way bores The combined deposit shown on the Quarter Sheets 
as freshwater limestone (L) is about 70 feet thick 40 feet o£ 
which are mostly freshwater limestone and 30 feet almost 
exclusively flood plain non-calcaieous deposits The l>ores passed 
through for the most part flood plain deposits < f the stream 
formed during the hrst cycle of erosion after the Newtr Volcanic 
te the Keilor cycle J his flood plain is correlated with the 
Keilor flood plain of the Manbymong Valley—the first flood 
plain formed in that valley The freshwater limestones of Duck 
Ponds Creek aie newer—the upward lacustrine extension of the 
flood plain deposits—but there was little if an> time break 
between the two deposits 

The flood plain deposits of the Braybrook cycle are probibly 
represented in the gully artificially dammed to foirn a lake north 
of I an and also m the gully similarly dammed to foim I-aia 
Lake Iht flood plain dept sits in the lower leaches of this I ara 
I akc gully have Inen correlated with the Maribyrnong cycle 

Summarizing these remarks the age of the Duck Ponds 
incisors of Ihprotodon lonqicep t are early Upper Pleistocene and 
the containing beds i late equivalent of the Keilor I !uod Plain in 
the Manbymong Rivtr Valley succession 


T lMLBLUNtR s Point 


Limebumcrs Point or Galena Point as it is called c n Quartti 
Sheet 24 S b and most maps i on the south side of the Inner 
Hailiour of Cono Bay it rises rather steeply from the sea to a 
height of about 70 feet Quaiter Sheet 24 S h was surveyed in 
18f5 by R Daintree (4) mil the following are the paiticuhrs 
of the limestone given by him m his report on the Sheet The 
section afforded in the thickest part of the limestone deposit at 
I miclmmet s Point is— 


7 feet 
10 feet 


Marly clay \ 

Ferruginous sandy clay with ftul7|!! c 
marue shells ' Shc,N 


3 feet 6 inches 
3 feet 6 inches 
7 feet 

6 feet 


Rubbly limest me 


1 hm bedded limestone 
Very compact limest ne pnnci 
pal hed used for lime 
Rubbly thin bedded ferruginous 
limestone resting on Miocene 
tertiary sandy marl 


Freshwater 
shells Plan 
crbis Lym 
nea &c 


This closely agrees with Note 3 printed on the margin of the 
Sheet 
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It will be noted that the freshwater shells are Identical with ' 
those obtained itt die well (p. 30) in the Duck Ponds limestone. 
Diprotodon longicips was obtained in situ in the 7-ft. bed of 
“ very compact limestone.” The specimen (No. 13303) identified 
by McCoy (10) shows a horizontal section of the molars and a 
vertical section of the incisors. 

The freshwater limestone (L) outcrops at and extends some 
feet above and below sea level, a fact that clearly indicates a 
relative subsidence of the freshwater beds. The calcareous clay, 
sandy beds, gravel, etc. (TP 1 *), overlie both the lava plain phase 
of the Upper Volcanic (V) and the freshwater limestone (L); 
and in some places the Miocene sediments. The interpretation of 
the geology of Utnebumer's Point is somewhat difficult owing 
to the area to the north being one of subsidence and submerged 
by the water of Inner Harbour. There is little doubt, as Daintree 
asserts, that the limestones of Limebumer’s Point and Duck 
Ponds are of lacustrine origin and contemporaneous; their 
lithology and fossils are identical. At Limebumer’s Point die 
lacustrine limestone rests on the scarp of the sink that formed the 
Inner Harter; it outcrops from 25 to 70 feet below the surface 
of the upper Volcanic (V) presumably the extension southwards 
of that in the Duck Ponds Valley on which there the limestone 
and fluviatile beds rest. The 17 feet of marly and ferruginous 
sandy clays containing marine shells are probably partly a raised 
beach. 

The succession of events has been— 

Duck Ponds 
Equivalent 

1. Raised Beach .. .. .. ..2 

2. Regional subsidence and marine transgression forming 

Inner Harbour ..8 

3. Widespread deposition of calcareous days, sandy beds, 

gravels, Ac. (TPN) on the surface of the freshwater 
limestone (L), Upper Volcanic (V), and Miocene 
sediments .. .. .. .. .. 9 

4. Deposition of the Piprolodon freshwater Ihnestonc (L) in 

the sink and on its scarp .. ..10 

5 Tectonic sink during the Keilor Cycle 

5.— Laxcekfeld (Mount Macedon). 

In 1844 Richard Owen (12) in a report to the British Associa¬ 
tion for the Advancement of Science on the extinct mammals of 
Australia spoke of some fossils received by. the Royal College of 
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Surgeons, London, from Dr, Hobson of Melbourne. The 
following is an acknowledgment to Hobson by Owen of the 
receipt of the fossils:— 

Rl. College of Surgeons, 


„ . _ _ August 26th, 1844, 

tty dear Dr. Hobson, 

1 lose no time in gratefully acknowledging the reception of the interesting 
series of fossils discovered by Mr. Maybe, which you have been so good 
as to transmit to me, as also the well-marked cranium of the Native of 
Western Australia. You will perceive by the accompanying sheets that 
no time has been lost in describing the fossils. They came just as 1 
had completed the catalogue of that series in our Museum and 1 stopped 
the press "to include your interesting Australian fossils. 

Every spe cimen , except 1496 and 1502, belong demonstratively to the 
large Marsupial Pachyderm first indicated in Major Mitchell's 
“ Expeditions; Vol. II., p* 362, pi. 31, f. 1 and 2 under die name of 
Diprotodon, signifying two incisors: a genus which 1 regarded as having 
an affinity to the wombat, and which affinity appears to be demonstrated 
by the calcaneum from the Cbndamine River transmitted to me by Sir T. 
Mitchell about a year ago. together with portions of jaw and teeth of 
Diprotodon. 


The molar dentition agress, like that of Macro pus, in form with that of 
Tapirus and Dmothcriuin, so that altogether the Diprotodon is one of the 
most interesting forms that has been rescued from the great devourer of 
all things. 

I trust that you may be able, through Mr. Mayne and other energetic 
collectors, to obtain the materials for a complete restoration. 


You will perceive also in the descriptions of Nos. 1505-1509, the evidence 
of an allied genus. 

I never had a fossil hone which excited my interest more than 1509, the 
astragalus of most assuredly a marsupial as large as a Rhinoceros, yet 
quite distinct from Kangaroo and most like Wombat 

Depend upon it your alluvial or newer tertiary deposits are the grave of 
many creatures “which have not been dreamt of in our philosophy." 

I shall give a sketch of the facts to the Meeting of the Br. Assn, at 
York, illustrated by Colonel Mitchell 1 * and Mr. Mayne’s fossils together 
with some (including a true Mast nr don) brought home by Count Strzledd 
or Strelingski, who has returned rich in well observed facts from Australia. 

always your most sincerely, 

Richard Owen. 


Owen used the specimens as paratypes of Diprotodon australis 
to explain the dentition of young forms. In 1877 (12) he states: 
" In 1845 I described and figured a series of teeth, discovered in 
sinking a well near Mount Maced on, Port Phillip, Province of 
Victona . . and quotes a letter (13) from Hobson dated 
January 1, 1845, the portion relating to this discussion being— 

“Amongst the secondary hills which skirt the base of Mount Macedon 
there Is a considerable circular plain, which is most elevated in the centre 
than at the circumference, and which will be better explained by a diagram. 
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A. A. Volcanic HiUs surrounding the plain. 

B. B. The plain. 

C. A swamp or bog in which are found the bones at a depth of 4ft feet 

After digging through a solid peaty soil for 3 feet you then 
arrive at a stratum of gravel about 18 inches thick, in which the 
bones are deposited This layer of gravel rests upon a bed of 
firm clay, which is unfossiliferons. 

The bog or marsh hi which the bones are found is about 4 acres 
in extent, and appears to contain bones at every point I opened 
two pits at 150 yards distance from each other and found pones 
in both, in the same stratum of gravel'* 


Owen (12) also mentions that m 1844 he received bones from 
Patrick Mayne from "freshwater beds, Mount Macedon”: 
Mayne informed him by letter that they were “ found about 
6 feet below the surface in sinking a well." Owen in his report 
to the British Association alludes to the fact that bones from the 
same locality as Hobson's came from, were described by F. A. 
Greeves in a letter to The Port Phillip Patriot on February 3, 
1844. In this letter Greeves states that Mr. Mayne made the 
discovery w in alluvium ” near " Mt. Macedon ” and that he 
(Greeves) believed the bones to be the remains of a gigantic 
wombat. They were brought to Melbourne by Mayne and were 
subsequently presented to the Museum of the Melbourne 
Mechanics’ Institute; one limb bone (No. 13005) eventually 
found its way into the collection of the National Museum. 

Hobson (8) published an extract from a letter dated 
February 21, 1844, headed "On Some Fossil Bones discovered 
at Mt. Macedon, Port Phillip ” in which he states— 

"the fossil bones of a number of extinct animals have been discovered by 
Mr. Mayne, near Mount Macedon ... in a small marsh about 5 feet 
beneath the surface, embedded in a layer of dark alluvium, about a foot 
in thickness, upon which are superimposed a bed of yellow clay, and a rich 
black soil next the surface. The country ui the neighbourhood is volcanic 
and covered with scoriae and vesicular lava." 

Hobson (7) also published a letter dated January, 1845, from 
himself to Ronald C. Gunn, of Launceston, in which he state*— 

"The bone locality is a large amphitheatre almost wounded by conical 
volcanic hills; the centre of the amphitheatre is on a much higher plain than 
its periphery* and on the top of the little truncated cone there is a marshy 
looking place covered by a peaty looking vegetation and the soil itself has 
much the character of peat foi three or four feet below the surface. Under 
the peat is a bed of gravel, in which the bones are deposited in vast 
quantities, but from there being immediately beneath the bed of gravel a 
bed of firm ferruginous day, the water is unable to escape, and in con¬ 
sequence, at this period of the year, it is a work of great labour to obtain 
any bones and quite impossible to get them without mutilation, owing to 
the water pouring in to the part dug so fast as to prevent your seeing what 
you are about. Notwithstanding all this, and we were there only one day. 
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Z soootedcd b gct tb g ooe bcbor of an cnofmotu Rodent ftdly forb mtA#* 
bv ud on# om a quarter huhss broad with three huge radar* folly four 
times as large as those of a Rhinoceros: with bone* of the gigantic 
kangaroo and those of some lam cursorial lard, probably an Emu. The 
marsh or bog is of the extent of about four acres, and appears to contain 
bones at every point** 

Hobson (8) published an extract ot another letter from him to 
Gunn dated June, 1845, stating that Owen had identified all the 
specimens from Port Phillip as Diprotodon except two; in 
addition he had identified Nothotherium. 

t 

It is to be noted that Hobson clearly states that he obtained 
his bones from a bed of gravel and that both Hobson and Greeves 
state that Mayne obtained his bones from a (dark) alluvium; 
both were stated to come from “ near Mount Maced on.” In the 
table of localities of D. australis published by Owen (12) in 1877 
he states that Hobson’s bones came from Quaternary gravds and 
Mayne’s from freshwater beds. 

The locality given for the discovery “ near Mount Macedon ” 
has been a matter for conjecture since Owen (12) published it; 
an examination of old records makes it clear tost the locality 
was actually Lanccfield. 

In the early forties—up to 1848—James P. Mayne held the 
Lancefield Run; it passed from him to Dunsford, who took up 
the pre-emptive right immediately east of the town of Lancefield. 
The site of the town was part of the Run and sometimes referred 
to as Five Mile Creek The town was surveyed in 1854 and does 
not appear on the maps of Victoria published before 1850 by 
Skene and Ham In 1855 William Blandowski (2) refers to this 
central part of Victoria as "the ranges known as Mt. Macedon 
itself.” He observes: “ Some distance N.E from the peak of 
Alexander’s Head is a spot where the discovery of bones of 
gigantic antediluvian fossil birds took place, five or six yean ago, 
in a basaltic cavern I was much disappointed at my ineffectual 
endeavours to obtain similar specimens, m consequence of my 
inability to suppress the springs of water sufficiently to enable 
me to reach the proper depth ” The references to " fossil birds ” 
and “ a basaltic cavern ” are two of the many mistatementa found 
in BlandowBki's descriptions, but there is little doubt that he 
visited the locality where Mayne and Hobson found their bones. 
In 1863 Norman Taylor (18) stated; "About 1 mile S.W. of 
Dunsford's (Map 5 S.E.) are 'The Spring’ where in digging a 
waterhole some years back, Mr. Mayne found some gigantic fossil 
bones at a depth of from 3 to 4 feet There is no cavern there 
as stated by Mr. Blandowski.” Taylor’s reference to the mythical 
cavern dispels all doubt about them both having visited the same 
place; the directions given by each, although from different 
starting points, would bring them to Mayne's bone bed. 
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On Jane 14, 1858, about the time Quarter Sheet 5 S.E. was 
being surveyed by Taylor, McCoy wrote to Owen: 

M we are now trying to find tome more of the targe mammalian remains 
by excavating in the swtmp near Mount Macedon in which were fonad the 
large jaws and teeth and bones oi extremities sent home to you by Dr 
Hobson _" 

An inspection of the locality indicated by Taylor enables one to 
fix the swamp where Mayne and Hobson obtained the bones more 
than a hundred years ago; it is referred to as the “ Bone Bed ” 
near the spring on the accompanying sketch map (fig. 1). The 
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eye of the spring has been interfered with and the peaty bed has 
been turned over by digging at the surface, there is no evidence 
of gravel having been brought up, but there are pieces of 
Palaeozoic bedrock lying about suggesting that former excava¬ 
tions may have reached bedrock If so, the gravels could be 
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retting oa bedrock and be stratigmphically older than the basalt 
In the following sections mentioned in Hobson a correspondence 
the date of the letter is given — 


21 1 1844 

1 1 1845 

11845 

ft m 

ft in 

ft in 

Surface 

Surface 

Surface 3 0 

Black toil 4 0 

Peaty soil 3 0 

or 

Yellow day 

Gravel (bone 

Peaty soil 4 0 

Dark allu 

bed) 1 6 

Gravel (bone 

vrom (bone 

Firm clay 

bed) 

bed) 1 0 

taifosailifer 

Firm ferrugi 


oils 

nous clay 


Bedrock does not appear to have lieen reached in any of the 
sections 

The spring apparently owes its existence to sub basalt or inter 
basalt waters finding their way to the surface but whether 
through a fracture in the basalt or some part of the basalt has 
been removed by erosion is not clear The overflow of the spring 
has cut a shallow valley trending north east obviously the 
direction of the slope of the lava plain Near the spring it is 
cut in peaty beds but further to the north east is as shown by 
Taylor on the lava plain it and the peaty soil are newer than 
the basalt 

As Diprotodon and Notothenum were attracted to the locality 
by the spring which must obviously be later than the lava plain 
pnase of the Newer Basalt their remains must likewise be later 
It is conceivable however that the basalt cover from beneath 
which the spring water corner is a scoria cone flow This could 
not be determined without much detailed work but it may be 
mentioned that the scoria cone of Melbourne Hill about 1 mile 
to the south east—the nearest scorn cone to the spring—stands 
on what is assumed to be the lava plain phase of the Newer Basalt 

6—Talbot (Back Cr*ek) 

McCoy (10) with his usual lack of precision in_ defining 
localities records Diprotodon and Notothenum from Bade Creek 
I here are so many Back Creeks in Victoria that its identification 
would have been impossible but for an amended address in one 
of his letters a copy of which is kept at the National Museum 
to the finder of the fossils On October 23 1861 he wrote to 
Rob Wilkinson chemist Back Creek 

Prof McCoy as Director of the National Museum of Victoria presents 
his compliments to Mr Rob Wilkinson and begs to say that having 
examined with great interest the specimen sent to the International 
Exhibition by him from Back Creek two of them vu one extremity of a 
long hone and one curved fragment of a tusk would be of the highest 
interest as additions to the National collection in the Public Museum 
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Wilkinson's reply it not filed but McCoy's next letter to hidr n 
October 29, 1861, is informative. It ii addressed to Rob. Wooa 
Wilkinson, chemist, Talbot (late Back Greek): 

sod thanks him for “ his letter of the 28th uul, and in reply ben to say 
that even as a temporary deposit the specimens will be received with great 
interest . .." 

Thus, although McCoy did not succeed in cadging the specimens 
for the National collection, in attempting to do so, he unwittingly 
identified the Back Creek from which they came; the creek of 
that name flowing through Talbot. Mr. Baragwanath, Director 
of the Geological Survey of Victoria, informs me that Talbot in 
the early mining days was always known as Back Creek. The 
entry in the catalogue of the 1861 Exhibition records the 
exhibit as* “212 Wilkinson, R. W., Back Creek—Geological 
Specimens, etc.” 

McCoy (10) figures a middle incisor of the upper jaw, which 
he says may Delong to D. longietps. In his explanation of the 
plate where he gives three aspects of it he describes it as “ portion 
of the anterior incisor of the upper jaw of a Diprotodon from 
Back Creek ” and figures the " lower tusk of Nototheriufn " also 
from Back Creek 

Back Creek has its source about 7 nules south-west of Talbot 
and flows over a wide flood plain in a mature valley set in un¬ 
dulating Ordovician country through the town of Talbot. Near 
the northern boundary of the town it passes on to a lava flow of 
the scoria cone phase that covers the Mount Greenock Lead, con¬ 
tinues northerly on the lava for about 1 mile and is joined there 
by the Daisy Hill Creek; the confluent streams then flow in a 
lateral valley on the west side of the lava flow. Before the lava 
covered the Mount Greenock Lead, Back Creek joined the Lead 
about 2£ miles north-east of Talbot. Most of the lava that 
covered the Lead came from the scoria cone of Mount Greenock 
The lava covered the main valley but did not encroach far on the 
tributary valley of Back Creek, and there is no lava in that valley 
upstream from Talbot to its source. Mr. Baragwanath informs 
me that the lava across Back Creek's outlet dammed its waters 
and a lake was formed some distance upstream. This lake has 
been drained by a stream, now the lower part of Back Creek, 
cutting back southwards and breaching the dam. 

In the Back Creek Valley upstream from the lava there are, 
then, two distinctive deposits— 

(a) Lacustrine silly black clay and impure diatomite, both 
newer than the Mount Greenock lava. 

(ft) Fluviatile clays and sands that are older than the Mount 
Greenock lava 

The lacustrine beds rest on the fluviatile days. 
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We do not know whether the Diprotoion remains came from 
“ a ” or “ b,” From what has been learned of the habits of 
Diprotoion in Victoria there is a strong presumption that they 
came from the lacustrine deposits. If, however, they came from 
the fluviatile deposits, the depth is important, for while the 
surface fluviatile beds are approximately the same ace as the 
Mount Greenock scoria cone flow, the underlying beds as die 
depth increases become successively older. 

7. — Lake Colongulac. 

Lakes Colongulac (Timboon), Corangamite, and Co lac belong 
to what Grayson and Mahony (5) term the Colongulac type of 
lake: “these shallow basins appear," they state, “to occupy the 
natural depressions which occur between lava nows, and which 
have been deepened during times of drought by the wind blowing 
away die dry mud from their beds and increased in size by the 
action of the waves on their banks." Probably all the lakes of 
this type, which have no well-marked streams entering them and 
no outflow, started as shallow depressions filled with alluvium. 
The depressions were in the lava plain phase of the Newer Basalt 
and the Hampden Tuffs must have fallen in them if they were 
within range; tuffs falling in a depression presumably rest on 
alluvium or have been re-deposited as alluvium. 

Bones of many marsupial genera have been found on the shores 
of Lake Colongulac, and Grayson and Mahony show on their 
Quarter Sheets (8 N.E. and 1/ S.E. (New Senes)) of the area 
“Bone Beds, Diprotoion Beds" on-the shores of tne Lake. The 
bone beds appear to be newer than the Hampden Tuffs, but most 
of the bones were found loose on the shores of the Lake and it 
is not certain whether they came from the bone beds, the Hamp¬ 
den Tuffs, or the re-deposited alluvium. There are no particulars 
of the beds from which a limb bone—a humerus presented by Dr. 
Greeves—and a leg bone in the Sweet Collection, both belonging 
to Diprotoion, came. 

The succession in the district may be summarized— 

Alluvium. 

Dune* of redeposited Tuffs. 

Scoria cone basalt*. 

Bohe Beds. Diprotodon Bed* 

Hampden Tuffs. 

Buckshot Gravels. 

[Alluvium in old valleys and depressions]. 

Newer Basalt (lava plain phase). 

8. —Colac. 

The lower jaw with molars and incisors (Holotype No. 12109) 
of Diprotodon longictps described by McCoy (10), the descrip¬ 
tion of which is checked here, was obtained in sinking a well in 
the Pliocene days of Colac” An exhaustive search has revealed 
no additional facts about this important specimen. It may be 
assumed that the well was not deeper than 30 feet, and it is 
stated that the specimen was obtained in sinking it. The jaw is 
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fragile and shows considerable decalcification the small amount 
of the containing bed adherent to it is light coloured and sug- 

r tive more of a Holocene sedimentary clay than a basaltic day 
may have come from the Holocene surface beds immediately 
south of Colac at any rate McCoy had not sufficient evidence 
when he described the specimen to say that the containing bed 
was Pliocene 

In the Sweet Collection at the National Museum there is a 
femur of a Dtprotodon from Colac a portion of the containing 
bed adherent to the specimen is a stiff basaltic clay quite unlike 
that on the holotype In the Melbourne University collection 
there is a lower incisor of D australis also from Colac 

Some doubt has been cast on the validity of Dtprotodon 
longtceps McCoy as a species Stirling and Zietz (17) maintain 
“that while some of the Callabonna fossils certainly reveal the 
dental features of what [McCoy] has based his determination of 
[£> longtceps] we believe that we shall be able hereafter to show 
the characters m question do not amount to more than variations 
which are to be observed within the limits of Owen’s original 
species But McCoy bases his species on other characteristic* 
besides the dentition The measurements given by him (10) in 
his description and figures of the Holotype (No 12109) differ 
and they have for that reason been checked Since he examined 
the holotype its anterior portion has been damaged the measure 
ments in his description must be accepted for the lower incisors 
and diastema and it may be stated incidentally that where it is 
possible to check them they have been found to agree The 
following is his description (10) with the measurements con 
verted to millimetres — 

Lower mcison perfectly straight with no trace of the upward curvature 
of D Australis (Ow ) length 343 mm (D Auttrahs <nly 254 mm) 
circumference at emergence from socket (127 mm from tip) 133 mm 
longitudinal extent of worn surface 76 mm greatest width 28 mm being 
as long as but narrower and more obliaue than the same part or 
D Austral tt the wearing is in three planes corresponding to the three 
upper incisors opposed to it on each side transverse section at point of 
emergence from socket oblong with obtusely rounded angles vertical 
diameter 49 ram transverse diameter 37 mm outer side slightly concave 
longitud nally above the middle other sides slightly convex IeM than two 
thirds of the incisor is in socket which extendi backwards to vertical with 
[me separating first molar with last premolar surface of enamel with 
minute irreguhrly contorted vermicular longitudinal wrinkles and inter 
veiling irregular small pits and pores 

Diastema From anterior upper edge of the incisor socket to Second 
molar (D4) 152 mm and is consequently much longer than the corres 
ponding part ui D Australis which is only about 114 mm and it rises at a 
much smaller angle (angle with incisor at socket 17* compared to 20* 30*) 
as it recedes from the incisor 

The poatenorportion is undamaged and as it was when McCoy 
examined it Check measurements (a] of the racists of both 
nuni have been made also ( b ) of McCoy’s line figures (10) of 
molars ‘natural sue viewed exactly from above and 
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m profile for the greater convenience of more exact comparison 
with the figures of D. australis (Ow ), in Prof Owen’s Memoirs 
than the oblique views in the lithographic plates would 
permit . . . and (c) from McCoy r s printed description. 


The first molar is missing. 


(•) Ckrtk 

Anterior posterior measurements 

(b) Lms j 

right runui 

left Ttmui 


1)4 28 ram 

33 mm 

10 mm 

Ml 44 

43 

44 

M2 49 

49 

49 

M3 55 

55 

52 

Truaverae 

meftsurements 


D4 21 

23 

21 

Ml 28 

28 

29 

M2 31 

31 

n 

MJ 35 

17 

36 


(c) Prmtrd 
Uticnpuon 


28 ram 

44 

45 
58 

23 

28 

58 

38 


There is closer agreement between (a) and ( b) than between 
them and (r) 


The following comparison is between D. longiccp* (10) amt 
D. australis (12) — 



Age of Specimen 


[ wtitr Incuars 


Diarti 


Kfmlsrs 


Length 
Circum 
Dia vert 
trail* 
Sockctrd 

Extent 

Angle with incisor 
A"^ 

Si 

Ml 

Tranaverae 

D4 

Hi 

Ml 


U (ongiLtpt | 

t) aurtraiti 

mature | 

fully grown 

perfectly straight 

nearly atraight, 
upwaru curvature 

J43 mm 

254 nrm 

Ui 

no 

49 

42 

17 

34 

2/3 

2/3 

142 

102 

17* 

20"-10* 

mining 

miuing 

10 

2r> 

44 

47 

49 

58 

52 

61 

21 

25 

29 

36 

11 

41 

36 

41 


McCoy (10) states that D. longtceps equalled in size £L 
australis, but this is doubtful. From the tips of the lower incisors- 
to the hind portions of the last molars, the distance is, in D . 
longtceps 444 mm. and in D. australts 508 mm Even with its 
longer incisors the distance is shorter in the first than in the 
second species; the distance occupied by the diastema and molars 
is 330 mm. in the first and 381 mm. in the second species, and 
thus commensurately shorter. Except D4, the molars of D. 
longtceps are all shorter in anterior posterior diameter, and there 
are noticeable differences in the transverse diameter. The distance 
be t we en the rami opposite the third molar is in D . longtceps 
** “ —» i— n ifufAM Ut OS mm 
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Although the growth of the lower incisors was persistent, the 
fact that m D . (ongictps (mature age) they were kmm than in 
D. australis (fully grown) is of specific i m p o r ta nce. The incisorb 
were also atraighter and worn in planes due to the characteristic 
set of the upper incisors, the diastema was less inclined and half 
as long again, the teeth were on the whole smaller and the 
distances Detween the rami shorter—these facts suggest a 
narrower head and that the animal is entitled to specific rank. 

McCoy also records D . longicsps from Talbot (Back Creek), 
the Duck Ponds, and Limebumer's Point; it must be conceded, 
however, that the material from these localities is unsatisfactory. 

9. —Omeo. 

As the exact locality of the Omeo specimens of Diprotodon 
australis Owen, Nototherium victorias Owen, and N. inarms 
Owen is not given, it is not possible to fix their btratigraphical 
position. D. E. Thomas (19) discusses Lake Omeo and the 
three physiographical cycles incidental to the development of the 
Lake during which changes in the stream direction in the basin 
took place. 41 The Final Events have been/' he states, u the 
deposition of the extensive alluvial flats in the lake basin and 
adjoining valleys; the formation of alluvial fans across the outlet 
of the lake; the building and subsequent breaching of the dune, 
and the reversal of the drainage from the north of the lake.” 
In another place he says (19): "The effusion of lava dammed 
back the waters of Morass Creek and during this period the 
extensive flats were deposited. Morass Creek eventually cut 
through the barrier and formed a narrow gorge through which 
the lakes that were becoming silted up were drained. Lake Omeo 
is thus a relic of a more extensive lake system.” 

R. A. F. Murray (11) states that the basalt is part of the Older 
Basalt, that is its age is Lower Tertiary. On the Geological 
Map of Victoria (8 miles to an inch), however, its age is shown 
to be the same as the Newer Basalt in western Victoria and, 
since its configuration ( cf . E. S. Hills) conforms to a lava infilled 
valley of the post-Older Basalt cycle of erosion, the map is 
probably correct. The lacustrine and fiuviatile beds of the Lake 
Omeo basin are, then, either Pleistocene or Recent. 

10. —Buninyong. 

In 1897 marsupial bones were found in the workings of the 
Great Buninyong Estate Mine, about 1£ miles south of Buninyong 
Railway Station. One of the fragments has the appearance of 
having been shaped by human agency and from that aspect has 
been widely discussed; it was stated by C. W. De Vis (20) to be 
“ part of me distal half of a right rib, the seventh or eighth, of 
an animal so large that it could only have been one of the great 
Nototheres in all probability Notothsrium mitchsUi Owen.” 

T. S. Hart (6) described the bed in which the bone was found 
and Ha stratigraphical position. The containing bed was part of a 
lake deposit—a stratified black day with much carbonaceous 
matte# resting on a bouldery bed consisting of blocks of basalt 
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and Ordovician bedrock. The bones and the containing bed were 
pyritfsed,- the bane* themselves were much fractured. A small 
gutter below the Mack day was worked in the mine until the 
gutter stopped abruptly against volcanic ejectamenta. Hart (6) 
suggests that the abrupt termination and the position of the 
ejectamenta are probably associated with an actual vent, and 
succession of vents, or the local subsidences in the neighbourhood 
of a volcanic vent. These would be explosive vents presumably 
through and subsequent to the Buninyong basalt, a flow belonging 
to the scoria cone phase. The gutter was that of the Devonshire 
Lead worked under the Buninyong basalt from several shafts. 
The stratigraphical position of the black day is, therefore, above 
the gutter and below the Buninyong basalt. 

Hart (6) says that the Buninyong basalt overlies the Yarrowee 
flow known at Ballarat as the First Rock," another scoria cone 
flow The Buninyong flow is the newest of the flows in the 
Ballarat District and judged by the amount of erosion was not in 
his opinion of any great age. He considers, however, that a con¬ 
siderable time elapsed between the Yarrowee and the Buninyong 
flows. 

It appears, then, that the lake containing the Notothenan bone 
was formed by the damming of a creek, valley, or gutter by a 
lava flow, probably the Yarrowee flow, and as the bones were 
found in that part of the lacustrine clay resting on the bouldery 
bed above the gutter, they are slightly younger than the Yarrowee 
flow Hart says that the bones are referable to “ a comparatively 
recent period. ,r 

The Buninyong basalt is probably contemporaneous with some 
of the flows from the latest scoria cones in the Catnperdown 
District and the Mount Greenock flow at Talbot. 

11 —Coimadai. 

A. L. Coulson (3) mentions that with other marsupial remains 
found at Coimadai were " Notothentdas: several bones not 
referred to any definite genua;" it is assumed, therefore that 
Nototheiium occurs in these mammalian beds—the sands inter¬ 
calated with the limestone, to which he ascribes a Pldstocene age. 

The limestone, he states, was chemically predpitated in a small 
lake just before, during, and after the eruption of Mount 
Bullengarook, the lava now from which filled the valley of the 
old Bullengarook River but did not encroach on the lake. He says 
that die basin containing the lake probably owed its origin to 
unequal consolidation of the underlying gravels but he mentions 
also, that it was possibly assisted by the damming of the River in 
its southern part, by one of the earlier flows of Newer Basalt 
The second possibility suggested by him seems to be more 
plausible for it is difficult to envisage the formation of such a lake 
unless it was dammed by a lava flow. A fault—the Dierriwarrh 
Fault—is stated to cross the lower reaches of the Bullengarook 
River near the limestone but its reputed downthrow side is to 
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the south; it played no pan in the damming. The scoria cone 
flow from Mount Bulleng&rook was preceded Dy the accumulation 
of fine ash in the Lake basin. 

The limestone is later than the Newer Basalt: the Lake existed 
before, during and after the Mount Bullengarook scoria cone 
flow. The causes that lead to the formation of the Lake are 
seemingly similar, in some respects, to those responsible for the 
Duck Ponds Lake. 

12.—Watch Hill (?). 

The records of the National Museum of specimens (Nos. 
1895-6 and 2284-5) identified by McCoy (10) as Notothtriutn 
miteheUi Owen from “ Murchill Station ” have lost much of their 
value owing to the uncertainty regarding the locality. Concerning 
the specimens, which were obtained in 1865, the Museum Register 
gives the following information:—“Murchill Station (J. Bell) 

S resented by—Dyson per Hon. Dr. Greeves.” On August 
6, 1865, McCoy published the following letter in “ The 
Australasian ”:— 

"I beg to announce in your columns a very interesting addition to the 
National Museum collection, which we owe to the kind offices of Dr. 
Greeves . . . The present addition is a small series of four specimens 
found at Murchill Station (belonging to Mr. John Bell) presented by 
Mr. Charles Dyson, of Market-square, Geelong, through Dr. Greeves . . . 

Although a number of authorities have been consulted and old 
papers and plans of the many properties owned by John Bell, a 
well-known Western District pastoralist, have been examined, all 
efforts to locate “ Murchill ” Station have been unavailing. Mr, 
J. Maxwell Bell of Golf Hill, Shelford, a member of the family, 
states that he has never heard of such a place in connexion with 
the pastoral holdings, of John Bell and expressed the opinion 
that " Murchill ” is Watch Hill, formerly owned by John Bell. 
There is little doubt that “ Murchill ” is an error: Mr. J. Maxwell 
Bdl’s opinion is probably correct. 

That bone beds were known at an early date near Lake 
Corangamite to which the pastoral holding of Watch Hill had a 
frontage is shown by the following extract of a letter from C. C. 
Hobson (8) to R. C. Gunn of Launceston in 1854 on Diprotodon 
and mentioning an extensive bone deposit near the Lake:— 

“ I have received a specimen of the distal end of one of the metatarsal 
bones of some large animal from (Lake Corangamite). The fragment it 
completely fossilised, and from a hard clay cliff on a salt lake beyond Lake 
Co lac. The same person found a large bone, a femur, eight or nine inches 
in diameter at the upper end and 4 inches in the middle of the shaft” 

The salt lake mentioned by Hobson was probably on the Watch 
Hill holding, which is shown on the 8 mile Geological Map of 
Victoria near the north-eastern shore of Lake Corangamite 
between Beeac and Creasy. Jt was wholly on the lava plain phaae 
of the Newer Basalt and within its former boundaries were a 
number of lakes and swamps. The Woady Yalloak Creek flow* 
through it. 
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StnUgntpUoal Position of the Dlprotodontidne. 


The containing beds of the Diprotodontidae hare been dealt 
with in die foregoing pages m respect to the following localities:— 


1. North Melbourne 
Z Footjcray .. 

3. Duck Poodi 

4. limebumer*« Point .. 

5. Lanctfield .. 

6. Talbot 

7. Lake Colonguiac 

8. Colac 

9. Oneo 

10. Btminyong 

11. Cohnadai 

12. Watch Hill 

13. Melton 


Diprotodon australis Owen. 

Diprotodon aurtraJit Owen. 

Diprotodon longkeps McCoy. 

Dipr&todon longiceps McCoy. 

Diprotodon australis, Notothsrinm ip. 
Diprotodon longiceps, Notothsrinm *p. 
Diprotodon ip. 

Diprotodon longicsps, D. australis. 
Diprotodon ip* Notolherium victorias Owen, 
N. merme Owen. 

Nototherium sp. 

Notothsrinm sp. 

Notothsrinm mite held Owen. 

Nothsrtnm sp. 


The stratigraphical positions ascribed to the containing beds 
and their relationship to the succession of the fluviatile deposits 
as worked out by Keble and Macpherson are as follows:— 


A*e. 


Mmribjrmonf River 
Cycles. 


Recent 


Preaent Cycle 


f Manbymona Cycle 


Vpper PIciito- J 
cent I 


V 


Bray brook Cycle 
Keilor Cycle 


{ 

{ 

{ 

{ 


r,b ¥CV 


River 


Recent 

Maribyrnong Terrace 
MaHbyrnons Flood Plain 
Bray brook Terrace 
Rraybronk Flood Plain 
Kcilor Terrace 
Keilor Flood Plain 
Vertical eroaion 


1, 2, <S, S. 10. 


3 , 7 , 11 . 12 . 

1 . 4 , 13 ? 


Middle-Lower 

Pletftoccnc 


} NEWER BASAl.T (lav. plain pha«) 


The stratigraphical positions of 1, 2. 3. and 4 are considered 
accurate, 6, 9, and 10 approximate, and 5, 7, 11, and 12 are placed 
within wide limits. 


All the species came from deposits newer than the lava plain 
phase of the Newer Basalt and all are of Upper Pleistocene age. 


Habitat of the Diprotodontidae. 

Including King Island, nine of the containing beds are of 
lacustrine origin, three are of fluviatile origin, and one is 
from a spring deposit. There is no doubt, therefore, that the 
Diprotodontidae preferred a terrain with lakes and swamps, or 
near rivers and springs. They were adapted to a mode of life in 
these surroundings and it is unlikely that they would be easily 
bogged, although this is the reason usually assigned for their 
remains being found in association with such deposits. Bogging 
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cut* a doubt on their adaptability to their environment; tjgeir 
feet were formed for an existence in swampy and marshy places* 
both hind and front feet were plantigrade, and their muscles, 
judged by the attachments, were strong. 

Lake Cellabonna, South Australia, where complete skeletons 
were found is described by E. C. Stirling (16) as a great flat 
clay pan cov er ed at places with dunes and drift Sand. The water 
is salt and there are a number of brackish springs issuing from 
its bed. The surface bed is a stiff yellowish clay containing much 
sharp sand, resting on a layer of unctious blue clay—tile bone- 
bed-—about 2 feet thick, which overlies a bed of coarse sharp sand 
beneath which is a blue clay similar to the second bed. The 
position and attitude of the skeletons and the frequent approxi¬ 
mation of the bones is, Stirling contends, strongly suggestive of 
death in situ after being boned, which is supported too, he 
maintains, by the fact that the feet of the skeletons are most 
deeply buried. Conceding the possibility of their having been 
bogged, as Stirling suggests, it is difficult to understand why they 
were attracted by a salt lake The question presents itself, was 
Lake Callabonna salt when the animals were bogged? W. 
Howchin (9) states that the Lake is portion of the dad Frame 
River System that found its way [probably in the Pleistocene] to 
the southern coast but “ it is doubtful whether any examples of 
this extinct fauna Dtprotodon, etc., have been discovered in the 
older north to south nver channels." The saline conditions are a 
result of a change of climate to the present arid conditions—a 
change from a wetter and fertile period to the present aridity 
G. Scoular (15) states: "as to the appearance and extension of 
the Diprotodon australts and similar congeners . . it was a 

greater annual rainfall which Australia enjoyed that ushered in- 
these creatures upon the scene A greater rainfall implies that a 
more exuberant vegetation than we now possess was spread ovef 
the landscape, and following the law of evolution, a race of 
animals in every way more powerfully developed is evolved to 
utilize it" 

Much the same problem arises in connexion with the remains 
found in Victoria near salt lakes such as those in the Western 
District. It is true that none of these remains have been definitely 
associated with saline deposits, but the lakes are now salt: were 
they always bo? Previous to the present period of small inflow, 
insufficient in most cases to keep the lake from becoming salt and 
periodically drying up was there a wetter climate during which 
there was a greater inflow supplying the lakes with sufficient water 
to balance evaporation—a period when their waters were fresh 
or perhaps brackish ? If so did this period coincide with the last 
glacial period? It is an interesting fact m this connexion that the 
North Melbourne and Footseray beds containing Diprotodon 
were according to Keble and Macpherson deposited at the dose of 
the last glacial period (W3). 
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The probable habitat of the Diprotodontidae is well pictured by 
Mr. J. Graham Haines it) his letter (infra) describing 1 Egg 
lagoon, King Island, in its undrained state King Island has 
been affected less by the arid conditions of the mainland and Egg 
Lagoon must have represented a close approach to the natural 
habitat of these marsupials. 


Ooourrenoe of Diprotodon on King Island. 

A record of Diprotodon from King Island not only fixes the 
southernmost limit of its migration—it is not found in Tasmania 
—but gives us some idea when the land bridge connecting 
Australia with King Island, and incidentally Tasmania, was 
broken. 

In 1927 the National Museum received from Mr. J. Graham 
Haines a molar (No. 14403) of D . australis from Egg Lagoon, 
King Island, from what is recorded as a sub-Recent Deposit. 
This is the only record of Diprotodon south of the mainland; 
Scott and Lord (14j) have, however, recorded Nototherium 
victorias Owen from ” swamp lands " on the Island. 

Mr. Haines's information as to the precise locality is given in 
the following excerpts from his letter of June 19, 1944, which 
also contains an instructive description of Egg Lagoon in its 
undrained state:— 

M Quite a lot of teeth and jaw bones with teeth in them were found by 
men I have employed in excavating a drain through my property on Egg 
Lagoon in the north of King Island. In a distance of about a quarter ofa 
mile, teeth and jaw bones were found in three different spots . . . The 
allotment on which the teeth were found is a 500-acre block in the name 
of J. Haines, 34/28. To the west of this block you will see it Is joined 
by two blocks, one in the name of Holland and Haines, and the other in 
the name of C. Wilshire. Take the boundary of these two blocks which 
is the main Egg Lagoon drain, extend it half a mile, just a shade south 
of due east, ana you will have the approximate place where the teeth were 
found. The dram was approximately 4 feet deep. The tooth was found 
in clay underlying rich black swamp soil. 

Egg Lagoon (the name is misleading) before it was drained was an area 
of low country that was under water during the winter and early summer 
. . . it grew the usual plants found on shallow swamps; it was soft and 
boggy at all times, particularly where it joins the sand and limestone 
country to the west. To the east, the land was sliphtly higher and covered 
with very big Paper Bark Ti Tree; it was in this country that the teeth 
were found. Before the drain was put through, there was more or less 
a natural water course, not washed out or anything, just a foot or so 
lower than the rest of the flat; it was covered with the same big Paper 
Bark Ti Tree and could not be picked out till the levels were taken . . ” 

The fauna and flora of King Island is Tasmanoid, not 
Australoid. It is probable that the break of the land bridge 
connecting it with Tasmania occurred late in the subsidence of 
Bass Strait, and the fauna and flora has changed little. Diprotodon 
is a continental form and, since it has not been found in Tasmania, 
must have migrated to King Island by a land bridge connecting 
that Island with Australia. A reconstruction of the floor of Bass 
Strait from the bathymetrical contours indicates that this land 
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bridge joined the Island on its east coast, the connexion bang 
through the Mornmgton Peninsula on the mainland, it fa im¬ 
probable that there was ever a connexion through Cape Otway 
The Mormngton Peninsula Kin* Island land bridge was intact 
when Diprotodon first appeared in Victoria, le in the earl} 
Upper Pleistocene or late Middle Pleistocene 
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Abt III.— Note on the Age and Palaeogeography of the Brown 
Coal Deposits of Gippsland, Victoria. 

By IRENE CRESPIN, B.A. 

[Read 9th November, 1944; iisued eeparmtely 10th December, 1945.1 
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Abstract. 

Marine micro-fossil* including foraminifera, bryoxoa and oitracoda were 
found in the lignitiferous bed* referable to the Anglesean Stage (Middle 
Miocene), in deep bore* in East Gippsland. Later they were discovered 
in lignitiferous material from bore* drilled to prove the extent of the 
bauxite in the parUhes of Mirboo and Budgeree and of the brown coal 
deposits in the parishes of Loy Yang, Maryvale and Hazelwood. Based 
on stratigraphic evidence provided by these fossils, it is suggested that the 
brown coals of the Yallourn formation accumulated during the Middle 
Miocene, Upper Miocene and probably basal Lower Pliocene. 

Introduction. 

Following the record by the writer (1943) of a micro-fauna 
in the lignitiferous clays and sandstones underlying the marine 
deposits in numerous deep bores in East Gippsland, it was 
decided to investigate the lignites and sediments associated with 
them, in the Traralgon, Morwell, Mirboo, and Budgeree areas. 

A series of bores has been drilled by the Commonwealth and 
Victorian Governments in the Mirboo and Budgeree areas to 
prove certain of the bauxite deposits there. These bores revealed 
tfeat, in places, lignites are interbedded with the clays and sands 
which overlie the Dauxite. A microscopic examination of samples 
of this lignitiferous material showed the presence of a small 
micro-fauna consisting of minute foraminifera and fragments of 
bryozoa, indicative of Middle Miocene to lower Upper Miocene 
age. 

In view of this discovery, the State Electricity Commission of 
Victoria was asked by the Mineral Resources Survey to supply 
samples of the Yallourn Formation (Crespin, 1943) met with in 
bores put down to test the brown coal deposits in the Morwell 
and Traralgon districts. The Commission kindly complied with 
this request and samples have now been examined from bores in 
the parishes of Maryvale, Hazelwood, and Loy Yang. As a result 
a micro-fauna has been found. In preparing these samples for 
micro-examination every precaution was taken to avoid the 
inclusion of any adventitious material. That this fauna is 
indigineous to the lignitiferous beds is supported by the similarity 
of forms and by the manner of preservation of the fossils. 

1SS1/4&—4 
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Boras from whioh Samples hare been inmbet 

v 

(1) Boxes to Pbove the Bauxite Deposit s . 

Paush of Mibboo. 

(a) Bore No. 27, from 26 feet to 36 feet, and 14 feet 
above the bauxite. 

Paeish of Budgebeb. 

(1») Bore No 15, from 105 feet to 110 feet, and 15 feet 
above the bauxite. 

(r) Bore No. 16, from 103 feet and 26 feet above the 
basalt. (No bauxite was recorded from this bore). 

(d) Bore No 18, from 89 feet to 90 feet, and 14 feet 
above the bauxite. 

(2) State Electricity Commission Bobes to Prove 
Bbown Coal. 

Parish of Hazelwood. 

(«) Bore No 31 at depth of 335 feet (Mr. J. M Bridge 
of the State Electricity Commission notes that this 
sample is apparently from below the Morwell No 1 
seam ) 

Parish of Maryvale (Morwell). 

(/) Bore No 153, from 238 feet to 240 feet below surface. 
(This sample is 125 feet above the Morwell No 1 
seam and is probably in the Yallourn seam — 
J M.B.). 

(g) Bore No. 155—First sample at 546 feet below 
' surface. (8 feet below Morwell No. 1 seam, which 

is 500 feet thick at this locality. Sample was taken 
between two seams of coal each 3 feet thick.— 
J.M.B.). 

Second sample at depth of 552 feet (14 feet 
below Morwell No 1 seam and 14 feet above No 2 
seam, which is here 189 feet thick—J.M.B ). 

(h) Bore No 169, from depth of 312 feet. (86 feet below 

Yallourn seam and 30 feet above Morwell No. 1.— 
JM.B) 

(i) Bore No 171.—First sample from 363 feet to 364 feet 

below surface (Immediately below Yallourn seam, 
which is here 301 feet thick.—-J.M.B.). 

Second sample 558 feet to 560 feet below surface 
(17*19 feet below Morwell No. 1 seam, which is 
78 feet thick at this locality—J.M.B.). 
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Pah«H of Loy Yang (Tbakalgon). 

(/) Bore No. 84, from 26 feet below surface. 

(A) Bore No. 86, from 597 feet below surface. 

(0 Bore No. 92, from 193 feet below surface. 

(*m) Bore No. 96, freon 99 feet below surface. (26 feet 
below a 36-ft. seam, which probably corresponds to 
the Yalloum seam.—J.M.B.). 
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(n) Bore No 103 at depth of 300 feet 

(o) Bore No 109—First sample from 257 feet, second 

sample at 295 feet below surface (65 feet below 
the last major seam met It probably corresponds 
to an horizon immediately below the Morwell No 2 
seam—J MB) 


Distribution of Fossils in the Bores. 

The following table lists the fossils noted m the bores detailed 
above The letter designations used in the table are the same as 
those given in the foregoing list — 



abcdefghijklmno 


Fot a minima— 

Anomalina glabrata Cushman 
Anonmlina sp 1 
Astronomon australe Cudiman 
Cibicidn cf Yictoriensih Chap 
man Parr & Collins 
CycUmmma sp 
Epomdcs sp 

Elphidium crespmae Cush 
Elphidium sp 
Globigerina bulloidcs d Orb 
Globigerinoides trilobus (d Orb ) 
Globorotalia cf canariensis 
(dOrb) 

Lagena sulcata (W k B ) 
Marginuhna glabra dOrb 
Planulina wuetlerstorfi (Schw ) 

Anthozoa— 

Mopsea tcnnoni Chapman 

Biyozoa— 

Ccllana sp 

Crateropora patula (Waters) 
Fihsparsa orakeicnus Stol 
Homera sp 

Idmonea milneana d Orb 
Membrampora macrostoma 

(Reuts) 

Retepora nmata Waters 
Retepora sp 
Scuticclla sp 
Biyosoa indet 

OsT*AC0DA— 

Agbua clavata GSB 
Alatacythcrc praeantarcticum 

(Chapman) 


Samples from Lay Yang Bores 96 (m) and 133 (n) contain 

osstts 
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Notea on the Fosaila. 

The majority of the fossils listed above are poorly preserved 
many of the bryozoa are indeterminate The fine pores are 
frequently filled with minute particles of ligmtiferous material 

The most important foramuufera of zonal value found ui the 
above bores are Cyclammtna sp and Anomattna so 1, the former 
being characteristic of the Anglesean Stage (Middle Moicene) 
and the latter of the Mitchellian Stage (Upper Miocene) 
(Crespm, 1943 ) 

Cyclammtna is represented by several small, moderately well 
preserved tests in Loy Yang Bore No 109 at 295 feet The 
Anglesean Stage as represented in bores m East Gippsland, where 
it underlies nch fos&iliferous marls referable to the Janjukian 
Stage, is not typical of the deposit as found at the type locality 
at Anglesea m Western Victoria, and it is m consequence of this 
facies change that the writer (1943) instituted the term 
“Yalloum formation ’ for the Gippsland equivalent She has 
given the stratigraphic range of Cyclammtna from the Anglesean 
Stage up to the Batesford substage of the Batcombian Except 
lor one record m Sector II (Providence Ponds), the occurrence 
of the genus in the Batesford substage is restricted to the deep 
bores in Sector IV (Ninety Mile Beach ) In view of this 
extended stratigraphic range of the genus, it may be unwise to 
assume that tne sample in which Cyclammtna was found is 
definitely referable to the Anglesean, but from information avail¬ 
able it seems that it came from an horizon low in the Yalloum 
formation 

The species referred to as Anomattna sp 1 m the Hazelwood 
Bore No 31 at 335 feet has a restricted stratigraphic range In 
the Gippsland bores and in the Lakes Entrance Oil Shaft, the 
species does not occur in a downward direction below the top 
part of the Middle Miocene, i e the Bairnsdale substage of the 
Balcombian It is the characteristic species of the Mitchellian 
Stage (Upper Miocene) and ranges into the basal portion of 
the Kalimnan Stage (Lower Pliocene) 

Ctbtctdes cf vtctonensts Astronton australe and Elphtdtum 
cresptnae although typical of the Balcombian Stage in Gippsland 
as well as m other parts of Victoria, have an extended vertical 
range in Gippsland A australe is recorded from the Anglesean 
up to the Kalimnan, where it is fairly common in the basal 
portion C vtctonensts and E cresptnae range from the Angle 
sean to the Mitchellian, but their characteristic development is 
in the Balcombian 

Joints of Mopsea are common throughout the Balcombian Stage 
in Gippsland 

AH the specimens of bryozoa are poorly preserved They are 
all chalky white in appearance and very fragmentary The 
assemblage of species is typical of the Middle and Upper Miocene 
deposits of Gippsland 
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Probabl• ig« of Um Brown Goal# and tha Origin 
of the Micro-Faun* Contained Therein. 

Consideration of the Tertiary stratigraphy, baaed on the 
examination of samples from the bores listed above and of 
numerous sections of deep bores east, south, and south-east of 
die brown coal deposits, suggests that the . brown coals of 
Gippsland accumulated over a considerable period of time. The 
basal portion of the Yalloum formation is represented by the 
Angiesean Stage, which, east of a line running north from the 
western portion of Ph. Stradbroke through the parishes of 
Coolungoolun, Wurruk Wurruk, and Bundalaguah to Ph. Strat¬ 
ford, has been proved by boring to underlie the marine 
fosailiferous beds of the Janjukian Stage. West of that line there 
was apparently a period of accumulation of material in lakes 
which lasted from Angiesean times (Middle Miocene) until the 
close of the Upper Miocene (Mitchellian Stage) or opening of 
the Lower Pliocene (Kalimnan Stage). It is suggested that the 
brown coals accumulated during this period. During the deposi¬ 
tion of the fossiliferoiu beds to the east, there was some oscillation 
of the sea-floor bringing about a rise in sea-level. The result 
was a slight flooding of the lakes to the west by waters containing 
a few marine forms which were subsequently deposited in the 
lignitiferous sands. 

The above suggestion as to age of the brown coals is sub¬ 
stantiated by the presence of the typical Angiesean fonuninifer, 
Cyclammina, in the sample from Bore No. 109, Ph. Loy Yang, 
which is the most easterly bore to be examined and which is 
situated nearer than the outer bores to the main Gippsland Basin 
described by the writer (1943), and the presence, in Bore No. 31, 
Ph. Hazelwood, of Anomahna sp. 1, which does not appear in 
the stratigraphic section until the top of the Balcombian stage and 
which ranges through the Mitchellian to basal Kalimnan. 


It is estimated that the brown coals are about 1,000 feet thick 
in the Morwell and Yalloum areas, with the Morwell No. 2 seam 
representing the lowest horizon. Foraminifera typical of the 
Angiesean Stage are present (in the Loy Yang Bore No. 109) in 
the lignitiferous clays which underlie this seam. It is quite 
probable that certain seams of brown coal in this portion of the 
area may be correlated with those which occur in many of the 
deep bores south and east of Sale. In these bores, seams of brown 
coal were encountered in the Angiesean Stage at considerable 
depths below the marine fossiliferoiu beds referable to the Jan¬ 
jukian. A seam 60 feet thick was present in the Sperm Wnale 
Head Bore (Ph. Poole Poole) between the depths of 2,739 and 
2789 feet; 90 feet of brown coal were recorded from the Lake 


Kakydra Bore (Ph. Nuntin) between 3,041 and 3,131 feet; seams 
of varying thkvhesses occurred in the Holland’s Landing Bore 
(Ph. Bengworden South) and in the Sale Bore (Ph. WunOk 
Wurruk). A micro-fauna was' found throughout the Angiesean 
in all these bore sections. 
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In the hgnitiferous clays and sands from bores in the Mirboo 
and Budgeree areas and in all bores examined in die MorweB 
and Tranlgon areas, except Loy Yang No 109 the micro fauna 
is typically Balcombtan and Mitchellian 
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Information derived from the Victorian Boring Record* and 
personal investigation of many bores in the area, indicate that no 
manne sediments as developed in the Janjukian, Balcotnbian, and 
Mitchellian Stages east of a line drawn north from No 3 Bore, 
Ph Darnman through No 8 Bore, Ph Stradbroke on Mernman’B 
Creek, along the western boundary of Ph Coolungoolun to the 
La Trobe River, thence to the western portion of Ph Stratford, 
arc known west of that line A geological section drawn in an 
east-south-easterly direction from No 8 Bore, Ph Stradbroke 
through other bores along Mernman's Creek to No 14 Bore, Ph 
Giffard, at Scaspray on the Ninety Mile Beach, a distance of 
about 20 miles, illustrates the gradual thickening, m that direction, 
of the manne Tertianes No 8 Bore, Ph Stradbroke, reached the 
brown coal at 3 feet below the surface, after passing through a 
few feet of the 11 Torrent Gravels ” of Gippsland No 9 Bore, 
in the same pansh and about 1£ miles to the east of No 8, 
penetrated the manne fossihferous beds (probably Jamukian in 
age) at 32 feet and struck brown coal at 222 feet The thick¬ 
ness of the marine beds increases rapidly east of this bore, until 
in No 14 Bore, Ph Giffard, they had not been bottomed at 
1,600 feet when dnlling ceased, the bore then being in beds 
referable to the Batesford substage of the Balcombian 

The country north of No 8 Bore, Ph Stradbroke to the La 
Trobe River and west through the panshes of Holey Plains and 
Rosedale to Moe has been intensively dnlled to prove the extent 
of the brown coals, but no manne fossihferous beds have been 
encountered 


Reference*. 
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The diagrammatic sections of bores shown m Text-figure 1, have been 
compiled from bore logs supplied by the Mineral Resources Survey 
Canberra and the State Klectnaty Commission of Victona 

A map shownur various panshes m which the bores examined for nucro- 
fatma are located, is attached The bore sites m Ph Stradbroke mentioned 
in the text are also included 
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Aar IV .—Australian Ambrosia Fungi. 

(Leptogeapkmm LundbergU Lagerberg et Melin, and Endotnycopsit spp. 

Dckker.) 
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(communicated by Dr. Ethel McLennan). 
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Abstract. 

1. The fungus Leptographium LundbergU and two species of sporogenous 
yeasts belonging to the genus Endomycopsis were isolated constantly from 
the tunnels of the Australian ambrosia beetle, Platypus subgranosus in 
Myrtle beech, Nothofagus Cunmnghamii and two other Australian timbers. 

2. The characteristic features of I. LundbergU are described In detail and 
compared with those of ambrosia fungi studied by other workers The 
conclusion is reached that ambrosia fungi from different parts of the 
world belong to the same genus Leptograpnium and probably in many cases 
to the above-mentioned species. The first name associated with an am¬ 
brosia fungus was that of Momlia Candida Hartig, but reasons are given 
why the fungus should not be placed in this genus. 

3. The work of other authors connecting the conidial stage Leptographium 
LundbergU with the ascigerous stage Ceratostomella is discussed and an 
affinity suggested between the Australian form and the species Ceratostomella 
ip*- 

4. The two species of Endomycopsis are described as Forms A and B. 
The frequent association of yeasts with wood-inhabiting beetles is mentioned 
and the question whether they serve the beetles directly as food or assist 
indirectly by stimulating the growth of the other fungus is discussed 
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Introduction. 

It hai been recognized for the put century that beetles» 
belonging to the group of wood-boring insects known u Ambrosia 
beetles, cultivate In their galleries a fungous crop upon which they, 
and their larvae, subsequently feed. 'Hie beetles themselves have 
received considerable attention and have been described accurately, 
whereas comparatively little mycological work has been done on 
the associated fungi 

Specimens of the timber of myrtle beech, Nothofagus Cunning - 
hamii, which had been attacked by the Ambrosia butte Platypus 
subgranosus, were submitted to the Botany Department of the 
Melbourne University and many cultures were made from the 
wood immediately surrounding the galleries of the beetle, and 
resulted in the constant isolation of one fungus and two types of 
sporogenous yeasts. The fungus was identified as LtptograpMum 
Lundbtrgu, Lagerberg et Melin, and the yeasts as species of the 
genus Endomycopsis Dekker. Cultures from the beetles them¬ 
selves and from larvae taken from the galleries also gave the same 
forms. 

Isolations from the galleries of the beetle in two other 
Australian timbers, Mountain Grey Gum, Eucalyptus gontocalyx 
and Mountain Ash, E. repnans, helped to confirm the constant 
association of Ltptographtum Lundbergti and the Eniomycepsts 
spp. with Platypus subgranosus. 

Method of Isolation. 

In making isolations from the beetle galleries, a block of 
infested timber, preferably with larvae or beetles still present, 
was taken and sterilized superficially with mercuric chloride 
solution The block was then split with a sterilized tomahawk 
in order to expose portion of the gallery or tunnel. Small slivers 
of the timber at the blackened edge of the gallery were removed 
with sterile chisel forceps and transferred to malt agar plates. 
The plates were left in tne laboratory at room temperature during 
the warmer months of the year, but during the winter were 
incubated at 25°C. Appreciable growth of the associated 
organisms took place within four or five days. 

Aooonnt of Leptographlum LundbargiL 

Nomenclative. 

Ltptographtum Lundbtrgii is the type species of the genus 
Ltptographtum Lagerberg et Melin, created and described by 
Lagerberg, Lundberg and Melin (14) for a fungus which they 
isolated from a trunk of Pinus syhtstris showing intense blue- 
staining. This organism is now known to be a com mo n cause of 
blue-stain in conifers and it has also been recorded by Vcrrall (28) 
as a lesser staining fungus of hardwoods in America. 
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Lagerberg and Melin emphasized when they created the genus, 
as did Grosmann subsequently, that Leptogrophium was in all 
probability identical with the genus Scopularta Preuss. Scopvlario 
venusta was the name given by Preuss (18) to a blue-staining 
fungus which he found on decorticated pinewood in 1851. No 
spore measurements or details were given and the conidiophores 
were apparently falsely pictured. They were shown to be 
branched in a penicillate fashion and the individual branches to 
be septated. However, the curious manner in which the bases 
of the branches were extended across the main stalk of the 
conidiophore in a collar-like fashion looks very unreal. Saccardo 
doubted die fidelity of the reproduction, and as the fungus was 
not found again, it seems better to adhere to die later genus 
Leptogrophium rather than to the somewhat uncertain Scopularta. 

Goidanich (7), a later worker, preferred the use of Scopularta 
to Leptogrophium and transferred L. Lundbergn to that genus. 

Growth Characteristics. 

On malt agar, the fungus is fast mowing, covering a 9 cm. 
Petri dish in four to five days. At first, it is sparse and white 
with very long aerial hyphae. In an inverted petri dish culture, 
these aerial hyphae reach right down from tne surface of the 
agar to the lid as fine strands. In the majority of cultures, the 
white mycelium soon acquires a rather powdery appearance due 
to the formation of abundant conidia 

As the culture ages, the mycelium gradually darkens, while 
the medium changes colour more rapidly and passes through 
various shades of brown, from Brussels Brown, Raw Umber, and 
Cinnamon Brown to Fuscous Black or Chaetura Black (Ridge¬ 
way Colour Standards and Colour Nomenclature). The aerial 
hyphae tend to flatten out very soon with the collection of drops 
of honey-coloured liquid and the surface of the culture appears 
moist or even sodden. 

After a period of tune, varying from about two weeks to two 
or more months, round yellowish-brown yeasty spots, up to 5 mm. 
in diameter, appear in many though not all of the cultures, and 
it is in these that the typical conidia and conidiophores o.f 
Leptogrophium are found clustered together. 

After subculturing for some time, more aerial mycelium may 
be formed and the surface of the culture is then quite woolly, 
losing its yeasty or sodden appearance. 

As the cultures commence to change in colour and become 
br ow n, microscopic examination shows the formation of yellow 
to darlr-brown hyphae, twisted in loose strands, both in the aerial 
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and submerged mycelium. Very wide brown hyphae, lOp. 
or more in diameter, also make their appearance and hr* 
characteristic. 

The conidia are hyaline and unicellular and are extremely 
variable in shape and size. Those formed in very young cultures 
are as a rule oval or nearly cylindrical and may be from about 
2 to 1 6ft in length (fig. 1a). Those formed later on the mature 



Fio 1a —Con id i ■ from i young culture of Ltptogr^ph%um 

iMndbtrgu. X 960. 


conidiophores are usually somewhat truncate and less variable in 
size, the average for 100 conidia being 8-9/1 by 5*3/* with a range 
from 4 to 15/i by 3 to 7/i (fig. 1 b). 


0 


e> 


Fio U.—Conidia from > matura c onldta phaw In tn old cohort. 
X 960. 


The mode of formation of the conidia varies considerably 
according to the age of the culture. At first, they are borne 
singly on the tips of the hyphae and on short branches along die 



Australian Ambrosia Fungi. 


61 


main hypbae (fig. 2). The conidia tend to adhere together in 
tnucoua and form small round heads. This can be readily observed 
if the fungus is grown on a clear medium, when the spore heads 



can be seen in situ through the agar (fig. 3). In this stage, a 
strong resemblance to the genuB Cephalosporium is shown, and 
if the later mode of conidial development were not observed, the 



fungus could readily be placed in that genus. This stage will be 
referred to in future as the Cephalosporium stage. Cephalosporium 
Corda (Icon. Fung. III., II., 1839) is characterized by possessing 
unbranched conidiophores which arise as short lateral branches 
which are not swollen at the apex. The hyaline conidia arise 
singly at the tip of the conidiophore and are pushed to the side 
by the subsequent conidia without falling off, many holding 
together in a little mucous, forming a small spherical hyaline head. 
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As the culture ages, the Cephalosporium stage is passed, and 
cooidia are constricted off from side branches which beoomd mOrt* 
and more complexly branched, until eventually large brush-like 
heads are formed (figs. 4 and 5). The conidia are at first oval 
to somewhat rounded, but before being cut off from the 

^ * 



Fig 4 —Simple branched coutdlophorta X ftpprox 730 


conidiophore become more pear-shaped or truncate The branches- 
of the conidiophore are septated and at first hyaline, but on 
maturing become brown in colour towards the has- The 
septaticms of the mature conidiophore are close together and at 
times give a distinct monilioid appearance. The conidia normally 
remain hyaline, but veiy occasionally individual ones may become 
yellow or brown in colour. 
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The conidia frequently bod in a yeastlike fashion as soon aa 
they are shed and produce a beaded or monilioid type of mycelium 
otL the surface of the culture, giving rise to the yeasty or sodden 
appearance mentioned above. At times, this yeast-like budding ia 
so profuse in a young culture, that the surface of the colony is 
flat and moist and faintly yellow or brown in colour and there is 
no formation of the long white aerial hyphae typical of most 
young cultures. 

Isolations from the beetle galleries in Mountain Ash, 
Eucalyptus regnans, gave in addition to the typical fungus a 
modi more slowly growing form of L. Lundbergii. This form 
was characterized by a complete lack of aerial mycelium and by 
the very early formation of typical Leptographium conidiophores 
in sulphur yellow mounds. The first formed conidia were more 
like the mature conidia in shape and size and not nearly as 
variable as those formed at first in cultures with more aerial 
mycelium. 

Appearance in the Beetle Tunnels. 

The appearance of the ambrosia fungi in the beetle tunnels in 
the wood has been described by most authors as a palisade of 
monilioid chains of cells showing glistening white when young but 
discolouring with age. 

When sections of the tunnels of the Australian ambrosia beetle 
in myrtle beech are examined under the microscope, a similar 
condition is seen. If examined closely, however, it will be seen that 
the palisade consists of fairly wide septated hyphae, which are 
light-brown at the base and gradually pale off to the tip where a 
single hyaline, truncate conidium is borne. The septations give the 
appearance of moniliform chains, but actually only a single 
conidium is carried at the tip of each septated hypha. Tnis 
condition is illustrated in Plate 1V., figs. 1 and 2, and if the fungal 
layer is studied and compared with the illustration of Leach et 
at (16) of the ambrosia fungus in the tunnels of the beetle 
Trypoieudrou retusum in Populus tremuloides. the two will be 
seen to be strikingly similar. At this stage, the ambrosia fungus 
in the tunnels resembles very closely the apices of the ultimate 
branches of the mature conidiophores of Leptographium 
Lundbergii. The actual brahehing of the conidiophores is 
obscured because of the dense growth of the fungus around the 
edge of the tunnel. 

Since the beetles and larvae are cropping continually at the 
fungal layer, this complete condition of the apices of the conidio¬ 
phores with their terminal conidia forming a continuous palisade 
is not often to be found. More frequently, the short wide hyphae 
are cut off to about the level of the first septum and are seen with 
jagged ends while the conidia lie loosely about their bases. An 
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occasional long septated hypha complete with its terminal 
conldium projects forth into the cavity of the tunnel where fc. 
has been missed by the beetles. At other times less mature 
conidiophores are seen with narrower hyphae and more rounded 
conidia at the apex. 

The wood adjacent to the tunnels of the beetles is distinctly 
blackened, giving the appearance that the tunnels have been made 
by plunging red-not needles into the wood. The black, stain does 
not spread more than about 1 mm. in a transverse direction or 
horizontal direction but may extend 10 mm. or more longi¬ 
tudinally from the edge of the tunnel. When sections of the 
blackened wood are examined, the wood vessels and fibres are 
seen to be densely packed with dark, much branched hyphae. 
The presence of these dark hyphae and the resultant staining of 
the timber around the tunnels lend support to the assumption 
that the ambrosia fungus is a wood-staining organism. Many 
yeast-like cells are also present lining the tunnels and at times it 
is difficult to distinguish between them and the immature conidia 
of L. Lundbergii. 

The lieetles and larvae keep the fungus closely cropped and the 
galleries remain clear in their presence. If, however, the timber 
u kept for a short time after the emergence of the insects, the 
conidia and yeast cells germinate and give rise to a hauled 
monilioid type of mycelium. This stage is soon passed over and 
the tunnels rapidly become blocked with a tangle or plug of white 
mycelium. 

Comparison with other Ambrosia Fungi. 

Thomas Hartig (11) was the first to recognize the fungal 
nature of the ambrosia and in 1844 gave the name Monilia Candida 
to the ambrosia fungus of the beetle Xylcborus ( Bostrychus) 
dispar. 

In 1897, Hubbard (13) discussed the ambrosia beetles of the 
United States and gave illustrations and descriptions of their 
respective fungi. Although he made no attempt to name or grow 
them in culture, he pointed out that they were specific and that 
only the most closely related species of beetle had the same food 
fungus. His illustrations are interesting and informative. The 
long septated conidiophores which he pictured for the ambrosia 
fungus of the beetle Xyleborus pubescent and that of X. celsus 
show a strong resemblance to those described above from the 
galleries of the Australian beetle, Platypus subgranosus. Hubbard 
observed that an umber brown discolouration tinged the base of 
the clustered "stems” of the ambrosia of X. celsus, but that 
their terminations were pellucid and filled with colourless 
protoplasmic granules. This point increases the resemblance to 
the terminal branches of the conidiophores of Leptographium 
Lundbergii. 
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He described the ambrosia of Xyleborus xyloqraphus as con¬ 
sisting of short erect stems terminating in spherical conidia and 
pictured the so-called stems each with three or four septa. He 
stated that the freshly grown fungus is as colourless as crystal 
hut that it is usually more or less stained greenish-yellow, some¬ 
times resembling a coating of sublimed sulphur. Rumbold (19) 
in a paper on the association of blue-staining fungi with hark 
beetles In pines, mentioned Hubbard's work on ambrosia beetles 
and she too noticed the resemblance to Leptographium Lundbergii, 
pointing out that this description of Hubbard’s “ reminds one of 
the greenish-yellow clumps of conidia, which later are honey 
coloured, that characterize the test tube cultures of Leptographium 
Lundbergii, Lagerberg et Melin.” The ambrosia fungus of 
Xyleborus pubescens as figured by Hubbard, reminded Rumbold 
of the conidiophores of either CeratostomeUa pini or C. ips, 
although she stated that his illustration did not represent them 
exactly. This point is of interest in view of work to be mentioned 
later which connects species of CeratostomeUa including 
CeratostomeUa penicillata and C. \ps with the imperfect stage of 
Leptographium Lundbergii . 

Hubbard was of the opinion that the ambrosia fungi were 
specific and that only the most closely related species of beetle 
cultivated the same food fungus. However, it is possible that 
he observed the same species of fungus in different stages and did 
not recognize the relationship between them. 

Schneider-Orelli (22) gave a more complete account* of the 
ambrosia fungus of Xyleborus dispar . He stated that the walls 
of the beetle galleries were lined with hyaline, thin-walled, 
septated hyphae which swell out at the apex into a sphere; at 
later stages these spherical cells could be seen in long chains. 
He mentioned that in the galleries of another species, Xyleborus 
saxesent , the cells remained single and were not seen in chains. 
According to Schneider-Orelli, the ambrosia fungus lost its 
mondial nature when grown in culture and became more truly 
mycelial. However, even the mycelial growth was characteristic, 
particularly with regard to the browning of the upper surface of 
the culture and the reddish-brown and ultimate black colouration 
of the medium. He did not ohserve a true spore stage in culture, 
and on this account did not give the fungus a definite name, not 
being completely satisfied with Monilia Candida Hartig. 

Three Californian Ambrosia beetles were described by Doane 
and Gilliland (5) in 1929 and brief references made to the 
ambrosia fungi associated with them. Monarthrum scutellare 
and M . detigerun t on oak were found to cultivate a fungus which 
thty thought was probably a species of Mouilia. Thev stated 
that in culture on alfalfa agar “ the conidiophoren grow from the 
prostrate mycelium and these bear branching hyphae which form 
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terminally continuous chain* of canldra.” A* thk b the" detent 
of the description of the fungus in culture. it U <U$dn to 
compere it with forms enmine d by other workers. 

Trotter (27) in 1934 examined the a mbr osia fungus of t 
tropical Xyitbonu species in die branches of Brow*** GrondktPt 
from Ceylon. He observed a layer of short chains of sub* 
olivaceous, sterile, torulose, subgiobose hyphae, 8-12#* in diameter, 
composed of two or more conidium-like segments of which me 
terminal one was the thickest A second fungal layer above this 
consisted of a whitish mass of hyaline, variously shaped con¬ 
tinuous conidia ranging from 8 to 4 by 35 to 7-5#» or even larger. 
When grown in culture, new conidia were produced of the type 
observed in nature, and, on the same mycelium, short branches 
with rakroconidia. Trotter considered the fungus to belong to an 
undescribed genus and named it Atnbrosiamyctt ttylandtcut n. 
gen., n. sp. Leach was of the opinion that Trotter was dealing 
with a fungus completely unrelated to his or Hartig's ambrosia 
fungus. However, the chains of sub-olivaceous hyphae composed 
of two or more conidium-ehaped segments, crowned by a layer of 
hyaline conidia are very suggestive qL the picture presented by 
Ltptographium Lundbtrgum the tunnels of the Australian 
Ambrosia beetle, while the production of mkro-conidia on short 
brandies resembles the Cepnalosporium stage of young cultures 
mentioned earlier, in which the first formed conidia ant 
frequently very small and are seen in small heads. The possibility 
that Trotter was dealing with L. Lundbtrgii or a closely allied 
spedes does not therefore seem to be excluded. 

More recent work on ambrosia fungus has beenpubliahed by 
Leach, Hodson, Chilton, and Christensen (16). These authors 
gave a detailed description of the ambrosia fungus of two spedes 
of beetles, Trypodtndron bttulat on birch and T. rttusm on 
aspen. These two beetles cultivate the same fungus which Leach 
and his co-workers considered to show enough resemblance to 
the ambrosia fungus of XyUbonu dtspar, as described by Haitig 
and Schndder-Orelll to be placed in the same genus, though 
probably in a different spedes. On account of die confusion over 
the nomenclature of Monilia Candida, they made no attempt to 
apply a new name, thinking that ambrosia fungi should be Studied 
in more detail before their rightful place was dedded. Pending 
further studies, they thought uie fungi associated with the beetles 
Trypodtndron bttulat aim T. rttutum might be considered as 
strains of MonBia Candida Hardg. 

The ambrosia fungus of these Trypodtndron spedes, when 
grown in culture, was at first hyaline but became brown with Mge 
and the medium was discoloured with a diffusible b r o wn stain. 
At first sporulation was poor and only imperfect monflioid spores, 
that tended to remain attached and bod in situ, were formed. 
After repeated subcnlturing, variants that sporulated abu&danffy 
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tad ctohlilttntly *tf* obtained. The spores were hyaline and 
aged ll'38j* by lO-OSh in an, with a range of 6 to 17^ in 
i and 6 to 14a hi width. No reference was made to branched 
eottidiophofes, bat the description of the fungus otherwiae 
corre sp onds weQ with that of Lsptographium LundbergU. The 
authors did not observe die large yellow to brown yeasty patches 
formed by the typical L. Lundbergii conidiophores in culture, 
but as these are often produced only after a period of two months 
or move, and sometimes not at all, it is not surprising that their 
formation was overlooked. The spore measurements came within 
the range of L. Luudbsrgn. The appearance of die Tryfodtudron 
ambrosia fbngus in the beetle galleries in aspen and that of the 
Australian beetle, Platypus subgranosus in myrtle beech can be 
seen to be identical, if a comparison is made of the figure in the 
paper by the above-mentioned workers and Plate IV., figs. 1 and 
2 In the present paper. ' 

VerraH (30) made a number of new species for the ambrosia 
fungi which he found in constant association with species of 
Platypus, Ptsrocyclon, and Xylsborus. Csphalosporium pallidum 
is the name which he gave to the ambrosia fungus of the beetle 
Xyleborus affmis. His description of the fungus is as followB:— 
“ On malt agar, colonies are moderately slow growing, reaching 
9 to 14 mm. in radius in six days at room temperature. The 
margins are usually appressed and hyaline while die rest of the 
colony is covered with a thin layer of hyaline, fluffy aerial 
mycelium which often becomes appressed with age except for 
isolated tufts. Aerial mycelium may be entirely lacking. 
Occasionally a slight brownish tinge develops in ports of old 
cultures. Yellowish yeasty mounds develop in ageing cultures In 
the yeasty mounds, mycelium may be limited to pointed short 
celled hyphae projecting but shortly from the yeasty mass of 
conidia and monilioid cells. Compact helicoid hyphal formations* 
were commonly observed in the momentous mycelium. 

Conidia germinate on malt agar by forming monilioid chains of 
cells which finally give rise to hyphae. Spore heads are formed 
relatively soon after germination. In culture, typical fruiting 
consists of oephalosporic heads of conidia protruding but 
slightly above the agar on erect or decumbent conidioptiores. 
Conidiophores are generally unbranched and hyaline and terminate 
in one to ten or more hyaline unicellular conidia which are nearly 
spherical to slightly pear shaped, 7-6>» to 14’4p long and 7*9ji 
to 14’tyt wide, averaging 10‘8 by 10’4pL When appreciable aerial 
mycelium occurs conidiophores elongate and branch. Sometimes 
the conidiophores are composed partly or totally of monfliform 
ceils, particularly in die yeasty mounds. Occasionally buds were 
observed forming laterally on hyphae and monilioid chains of 
•pores of taggonr rises., find shapes were observed in the agar or 
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It has already been pointed out that cultures o t L. LundbergU 
pass through a Cephalosporium stage when young and ttyat 
tn this condition they might be mistaken for cultures of 
Cephalosporium. Moreover the mature septated conidiopbores 
in the yeasty mounds have a distinctly monuioid appearance and 
are clustered so thickly together, that unless teased out and 
examined very closely, their complex branched nature is not 
readily observed. Altogether Verrall's description of Cephalos- 
porium pallidum in culture shows such striking resemblances to 
Leptogrophium LundbergU, that the justification for placing it in 
the genus Cephalosporium and his creation of a new species may 
be seriously questioned. However, his cultures are not available 
for comparison and it is therefore not possible to say that he was 
in reality dealing with L. LundbergU. Verrall believed 
Cephalosporium pauidum to be related to Monilia Candida Hartig. 
He pointed out, however that Schneider-Orelli, in describing 
Hartig’s fungus, had made no mention of yellowish yeasty 
mounds or of cephalosporic heads. 

Verrall created a second species of Cephalosporium , C. lute urn, 
for the fungus which he found in association with the ambrosia 
beetle, Xyleborus pccanis. He did not observe yeasty mounds in 
cultures of his C. luteum, but he reports that the cultures were at 
first hyaline, though soon becoming sulphur yellow to light-brown, 
while the agar was stained a deep brown. Aerial mycelium was 
at first fluffy but became appressed with age. Spores were 
difficult to find, but when produced formed on simple or branched 
conidiophnres, mostly singly, sometimes in heads of two or three 
spore 1 ' Once again, Verrall’s fungus shows marked similarities 
to L. LundbergU, and once more objection must be raised to his 
decision to place it in the genus Cephalosporium. 

The ambrosia fungus associated with the beetles Pterocyclon 
mah and P. fascialum was reported by Verrall to be Montlia 
brunnea n. sp. Cultures of this fungus were at first hyaline but 
became dark-brown with age and the original isolates were quite 
yeasty in appearance and consisted largely of monilioid chains of 
rounded cells that budded in situ. More mycelial growth 
developed with repeated culturing and small dark-brown mounds 
of mondial cells were seen in older cultures. These mondial cells 
were at times distinctly brown in old cultures and borne in simple 
nr branched chains. . Verrall expressed the opinion that his 
Monilia brunnea was similar to, but not the same fungus as that 
described by Leach et ol (16), for the ambrosia of the beetles 
Trypodendron betulae and T. retusae already described above. In 
spite of the similarities he preferred to create a new species for 
it. It can he seen, however, that all his points fit into tne picture 
of Leptogrophium LundbergU, the fungus described in this paper 
as the ambrosia of Platypus subgrauosus, and it seems probable 
that he was in reality dealing with the same fungus. 
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Connection with the GsNub Moniua. 

The striking similarities in the ambrosia fungi described by 
authors from different parts of the world and discussed above, 
seem to indicate that they are all closely related or that they 
actually belong to the same species. In each case, the resemblance 
to Leptograpnium LundbergU has been pointed out and the 
inference to be drawn is that the ambrosia fungus of Hartig, and 
those of Scbneider-OrelH, Leach et at, Trotter and Verrall can 
all be linked up together with the former genus if not all with 
the species L. Lunabergii. 

Leptograpkium Lundbergii is an extremely variable fungus and 
presents very different appearances at the different stages of its 
growth. The young cultures in the Cephalosporium stage with 
their fluffy aerial mycelium might easily be considered to belong 
to a different genus from the older stages with their appressed 
light-brown coloured mycelium, darkened agar and typical 
Leptograpkium conidiophores in the yellow or brown yeasty 
mounds. Some isolates produce more aerial mycelium and 
sporulate less frequently than others. It is therefore quite 
probable that it should have been described under various names 
by different workers. 

The first name given to an ambrosia fungus was that of 
Monilia Candida, by Hartig in 1844. However, Schneider- 
OrelK pointed out that since the work of Hartig, the name 
Monilia Candida had been used by Bonorden (3) for a different 
fungus, the yeast-like form now so well known in the literature 
of fermentation. Bonorden was apparently ignorant of Hartig’s 
earlier use of the name for the ambrosia fungus. Monilia Candida 
Hartig remained completely disregarded for a considerable time, 
so that any discussion of Montlta Candida in mycological text 
books almost always refers to the Bonorden fungus. Although 
Hattie's fungus actually would have prior claim, the name 
MoniSa Candida is in such common use for Bonorden's fungus 
that much confusion would arise in any attempt to change it. 

But in any case, the use of the name Monilia Candida 
for the ambrosia fungus seems to be excluded. The genus 
Monilia Persoon is characterized by having conidiophores with 
dichotomous grape-like or irregular, sparing or frequent branch¬ 
ing, bearing at die tips of the branches or on little blunt teeth near 
the tips the simple or branched chains of hyaline conidia. The 
conidia of the Australian ambrosia fungus are borne singly, not 
in chains and therefore it shoutd not be placed in the genus 
Monilia. Provided the assumption is _ correct that other 
workers have mistaken the septated terminal branches of the 
conidiophores of Leptographium for mondial chains of conidia, 
one would be justified in saying that none of the ambrosia fungi 
khould have been placed in the genus Monilia. 
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Relationship of Leptographium with t)u> Ctani* 
Ooratoetomell*. 

Several workers have linked the conldial stage of Lepta- 
graphium with the perfect stage CeratostomeUa. In 1931, 
Grosmann (8) described a new species of Leptographium, L. 
peniciUatum which she found, together with two or three 
characteristic veasts, in constant association with the bark beetle 
Ips Typography and sometimes with Ptiyogenes Chalcography 
in the wood and bark of Ptcea excelsa in Saxon Switzerland and 
in Wflrtembere. She distinguished L. peuieUlatum from L. 
Lundbergit by me form and size of its conidia and by the extreme 
length of its conidiophore. These features seem comparatively 
insignificant, particularly as the author herself stressed the 
variability in size of the conidia. Apart from these characteristics, 
her cultures agreed very closely indeed with the type species, L. 
LundbergU as to growth and the manner in which the conidia 
were borne. 

She was able to obtain in culture the perfect stage of the 
fungus which proved to be a new species of CeratostomeUa and 
which she described in a later paper (9) under the name* 
of CeratostomeUa pentcillatum. Single spore cultures from 
ascospores grew well and gave rise to the typical Leptogrophiurn 
stage The ascospores were oval or slightly curved and measured 
6'5p by 2*3*1, while die figures given for the perithecia were 
diameter of base, 250 td 300/i, length of neck 300 to 500/t, width 
of neck about 50p. 

Rumbold (19) studied the relation between baric beetles and 
blue-stain fungi and in a paper published in 1931 discussed two 
species of CeratostomeUa which she found in constant association 
with these beetles CeratostomeUa pint Munch was shown to be 
constantly associated with Denaroctonus frontalis and D. 
brevieomis, and CeratostomeUa ips, n. sp. with Ips caUtgraphus 
and Ips grandtcollis This new species, CeratostomeUa tps was 
described in detail and further points about it given in a later 
paper (20). Although Leptographium Lundbergit was not 
actually mentioned as the conidial stage, the descriptions and 
illustrations show a very close resemblance to this fungus. 
Siemaszko (23) investigating the association of fungi with bark 
beetles in Poland also assumed that C. ips had a conidial atage of 
Leptographium Lundbergit. Describing the formation of the 
conidia of C. ips, Rumbold stated that “those first formed are 
small, sometimes 2 by lp. They are hyaline and obovoid. Later 
they form on simple conidiophores in a cluster that increases in 
number as the fungus ages. The conidiophores branch as they 
grow older until they look like small bushes In time die bests 
of the conidiophores turn brown, but the coiddia-bearing tips and 
the conidia themselves remain hyaline. The later conidia range 
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f«>0» 3/» tq 10*5 by l to 3/*. They are tuually clavate." Coltnrea 
were at first white bat turned warm sepia, very rapidly and finally 
jet blade. Perithoda formed in culture were large and long- 
necked and were 55 to 301/* in diameter with an average of 198* 
96 to 320/* in height, with an average of 206/s and the length of 
the neck vkried from 215 to 3,860/*, avenging 1,273/*. 
Ascosporas had Ihe shape of quadrangular prisms and ranged 
from 2*9 to 4*6/* by 1*2 to 2*8/* with an average size of 
3*8/* by 2/*. 

Usually there were no bristles at die oatiole of the perithecium 
although occasionally a few were seen, irregular both in number 
and length, measuring from 27/* to 45a. Rumbold remarked 
that pentheda were formed in the galleries with their bases 
sunken in the gallery walls and that die beetles kept the necks 
well trimmed. After the beetles had emerged, the abandoned 
galleries were often filled with the protruding bristle-like necks 
of the peritheda. 

Rumbold pointed out that the term “ association ” as used in 
the descriptions of the connection between Cerotostomella pint 
and Dtndroctomu, and between Cerotostomella ips and Ips does 
not have the significance of the vital association that exists 
between the ambrosia beetles and the ambrosia fungi. The 
association appears to be a more casual one for the bark-bonng 
beetles, which are not known to be dependent on fungi for food. 

The conidial stage Leptograpkium Lund berm was attributed 
by Rumbold (19) to another spedes of Cerotostomella, C 
ptceaperda, which she found in association with the bark beetle 
Dendroctonus piceoperda on Picea glauca in Canada Perithecia 
were produced after about five months in culture and the ostioles 
were without bristles. Ascospores were hyaline and ellipsoid 
and measured 3*6 to 4*7/* by 1*9 to 2/* with an average of 
4*3 by 2/*. 

Lager berg and Melin did not connect their newly-named 
fungus Leptogtaphium Lundbergu with any of the spedes of 
Cerotostomella but considered it a distinct form They noted 
that Falck pictured a fungus exactly similar to it as the conidial 
stage of Cerotostometto ptceae, but dedded that the author was 
dealing with a mixture of fungi, C. piceoe typically has 
Cephalosporium and Grophium conidial stages. MacCulum (17) 
in working with Scottish blue-stain fungi and Cerotostomella 
ptceae in particular, also illustrated a branched conidiophore 
identical with that of L Lundbergvi, but he made no mention of 
it except to note that a mixture of forms was present. 

A species of Cerotostomella was found by Doane and Gilliland 
(5) to be associated with the ambrosia beetle Gnathotrichus 
sukatus on Douglas Kir in California. Two distinct forms, the 
conidial and perithecia! stages, were observed in the galleries 
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The conidial stage, which was not given a name and was incom¬ 
pletely described was replaced by definite black perithecia afteiM 
the beetles had left their galleries. The perithecia were flask 
shaped and smaller at the base. No further morphological details 
were given and it is not possible to say which species of 
Ceratostomella the authors were examining. 

The Association of Ooratostomella with, the 
Australian Ambrosia Fungus. 

On examining sections of the tunnels of the Australian 
ambrosia beetle in the timber of Nothofagus cunninghami, a 
cluster of fine bristles, 35 to 45/t long was seen occasionally to 
project into the space of the tunnel from the darkened mass of 
nyphae filling the wood vessels. In a few cases, these bristles 
were observed to belong to dark elongated perithecia which had 
formed in the vessels and which contained small asd with eight 
hyaline rectangular or prism-shaped ascospores (fig. 6). In 
addition, groups of ascospores were lying freely in the tunnels 
adjacent to these perithecia. The ascospores measured 5 to 7/t 
by 3 to 4/i with an average size of 5*9 by 3*5/i. It should be 
noted that the measurements only relate to a very small number 
of ascospores and that an average size for the fungus in question 
could not fairly be taken from them. 



Fio 6—A. Aacuflporea from « beetle tunnel. X MO. 

B Bristle* projecting into the tunnel from a woken 
peritkedum. X 100. 


Perithecial measurements could not be made, but the peculiar 
prism-like shape of the ascospores, the diffluent asci and the 
presence of bristles associated with sunken perithecia in the 
tunnels suggest the possibility of an affinity with the species 
Ccrotostomella Ips Rumbold. The fact that three species of 
Ceratostometta associated with wood inhabiting beetles nave been 
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described with a conidial stage of Leptographtum, heightens the 
probability that the perithecia mentioned above really constitute 
a stage m the life history of the ambrosia fungus of the 
Australian Platypus subgranosus . Unfortunately all attempts to 
induce peritheckl formation in cultures of Leptographium Lund - 
bergii associated with the Australian ambrosia beetles, by the use 
of strongly acidified media and media rich in carbohydrates have 
so far been unsuccessful. 

Isolation of Toasts from the Tunnels of 
Platypus subgranosus. 

As already noted two characteristic sporogenous yeasts 
belonging to the genus Endomycopsis Dekker were isolated 
constantly from the beetle tunnels in Australian timbers together 
with the ambrosia fungus. The two forms have not been placed 
specifically but have been designated Forms A and B. Stelling- 
Dekker (26) published a monograph on the sporogenous yeasts 
and created the genus Endomycopsis, placing m it many species 
which had formerly belonged to the genus Endomyees. The genus 
Endomycopsis is characterized by producing a true mycelium 
with septa together with yeast cells which show many-sided 
budding. In the genus Endomyees she placed those forms with 
true mycelium and yeast cells which only divide by transverse 
fission and not by many-sided budding. In both genera, the 
ascospores are as a rule hat shaped. 

In Form A, asci arc produced in whorls at the end of muc 1- 
branched septated hyphae and, after the ascospores have been 
shed, a new ascus is often seen to grow up inside the old one 
(see fig. 7 and Plate IV.). The asci are oval in shape and range 




Fig. 7.—A*ci uul itcosperea ot Kndomycopt* »p. Form A. 
X ■pprox. 790 . 
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from. 17-5 to 26* by 11 >5 to 20*3*, with an ivtiut of 21* Sn,hf 
13*9*. They contain four ascospores which are urge and vey 
striking and which are produced readily on malt agar. They are 
prominently hat shaped, with the flange forming a definite prim. 
The measurements are as follows:— 

Range. Average. 

Diameter including brim .. .. 8-M * 11*8 * 

Diameter without brim .. S- 8 * 7 * 

Depth .. 4- 6 a 5# 

Only once has a complete ascus of Form A, with its four 

large hat-shaped ascospores been seen in the tunnel of the 
Australian ambrosia beetle in Myrtle Beech, although yeast cell* 
have been very often observed. 

The asci in Form B are considerably smaller and are more 
rounded than those of Form A (fig. 8). They may form in chains 



as well as in whorls on the branched septated mycelium They 
range from 6 to 9* by 5 to 6*i averaging 7 by 5*5*, and they 
contain four small inconspicuous hat-shaped ascospores. The 
ascospore measurements are as follows:— 

Range Avenge. 

Dtameter including brim .. .. .. 3-5 * 3*8 * 

Diameter without bran .. 2-3'S * 2*9 * 

Depth .. ..1*5-3* 2*2* 

On malt agar, Form A produces a tough* much wrinkled buff- 
coloured colony with distinctly mycelial edges. In liquid wort, a 

f elatinous sediment but no pellicle is formed. The colony of 
'onn B on malt agar is white and shining; Somewhat wrinkled 
and fluted in the centre but smooth towards the outside with 
mycelial edges. With age, the colour becomes greyish. In liquid 
wort, growth is similar to that of Form A, producing a gelatinous 
sediment but no pellicle 
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ffhft lnoetotten of Twita with Wood-Inhabiting 

Beaties. 

The Association of yeasts with wood-inhabiting beetles is of 
common occurrence and has been reported by many workers. 

Schneider-Orelli (22), whose study of the ambrosia fungus of 
Xyltborus dispar has already been mentioned, stated that yeasts 
were always present in the tunnels of the ambrosia beetles, but 
he regarded then merely as infections. He did not indicate 
whethcr-they were always of the same type nor did he give any 
details. 

In 1922, Bede (2), described a new species of yeast, Endomyces 
bisporus , which she found associated with the bark beetle Ips 
typography on the bark of fir. As the name implies, the ascus 
only contained two ascospores. Stelling-Dekker transferred this 
yeast to the new genus Endomycopsis, calling it Endotnycopsis 
bisporus on the grounds that the yeast cells stowed many-sided 
budding and not iust transverse fission. Verrall (3) in 1940 
constantly isolated a similar yeast from the tunnels of the 
ambrosia beetle Platypus composity in pecan, sweet-gum and 
swamp tupelo, and considered it to be the ambrosia fungus of that 
lreetle. Apparently in ignorance of Beck's earlier work, he called 
the yeast Endomyces bispora n. sp., making no mention of Beck's 
species of that name or of Dekker’s transference of it to the 
genus Endomycopsis. 

Siemaszko (23) found members of the Saccharomycetaceae, 
mostly of a type dosely resembling Endomyces bisporus, in 
constant association with Ophiostoma ( Ceratostomella) penicillata 
and other species and the bark beetle Ips typography on spruce 
in different parts of Poland. 

Grosmann (8) in her work on the association of bark beetles 
and blue-stain fungi also isolated yeasts. They were of three 
types, a budding yeast with hat-shaped ascosfKtres arising 
parthenogenetically, a second sporogenous one forming mycelium 
in addition to yeast cells, and a mycelium-forming asporogenous 
yeast. 

Leach, Orr, and Christensen (151 found a characteristic yeast 
constantly associated with bark beetles and the blue-staining fungi 
in felled Norway Pine timber. On examining larvae they were 
often, although not always, able to demonstrate the presence of 
yeast cells in the intestine, while they were always present in 
varying amounts in the food contents of the intestinal tracts of 
freshly emerged beetles. However, the yeast cells did not show 
any signs of having been digested and used as food. 
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Studying the association of bark beetles and Ceratostomella 
6pp., Rumbold (20, 21) in 1936 and again in 1941, noted that in 
making cultures from the timbers around the beetle galleries, 
yeasts were always the first organisms to appear, the blue-stain 
fungi only developing later. One of these yeasts was described 
by Holst (12) in a separate paper as Zygosocchoromyces pint, 
a sporogenous yeast forming hat-shaped ascospores but no 
mycelium. Holst was unable to produce evidence of any direct 
relationship between the yeast and the beetle. According to 
Rumbold, the yeasts seemed to have a stimulating effect on 
Ceratostomella montium, causing it to grow more vigorously and 
to fruit more quickly than in pure culture. 

If, as she suggests, the yeasts tend to accelerate growth and 
sporulation of the fungus, there may be a definite significance in 
the constant presence of the Endomycopsts spp. in the tunnels of 
the Australian ambrosia beetles. It is conceivable that they 
stimulate the growth and fruiting of the ambrosia fungus and. so 
increase the food crop for the beetles and their larvae. In addition 
to this, being rich in protein, they may serve directly as food for 
the beetles. 

Support for this suggestion is to be found in the work of 
Guyfinot (10) who showed that bacteria-free larvae of the fruit- 
fly Drosophila ampelophtla may breed entirely on yeast. Under 
natural conditions, the larvae feed principally on yeasts and other 
micro-organisms. He reported that he had been able to raise 
fourteen generations of the fruit-fly in the absence of living 
organisms. The larvae were reared equally well on potato and 
living yeast, potato and dead yeast, and on dead yeast alone, but 
did not grow normally on sterile potato. These results were 
corroborated and amplified by Baumberger (1) who found that 
sterile larvae of Drosophila lived only five days and showed no 
increase in size on agar medium containing sugars, mineral salts, 
and ammonium tartrate as a source of nitrogen, but grew at a 
normal rate and pupated normally if the medium were infected 
with living yeasts. The larvae were also able to live on dead 
yeasts, showing that they were not dependent on the bi-product*, 
of fermentation but actually needed the yeasts as food. A con¬ 
centration of 2 per cent, yeast was sufficient for normal growth. 
Baumberger concluded that insects inhabiting fermenting and 
decaying substrata of low protein content usually feed on the 
micro-organisms present and thus benefit by the power of fungi 
to extract, absorb, and synthesize many non-protein compounds. 

Steinhaus (25), reviewing work on the microbiology of 
insects, stated that a type of symbiotic feeding on wood and 
similar substances is presented by the beetle Anobium poniceum 
which has special appendages of the mid-intestine containing 
Saccharomycetes in their cells, 
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Arr V —Botrytu Conn Rot of the Gladiolus—tts Caust 
and Control 

ByG C WADE BAgrSc 

(Retd 14th December 1944 luued separately 10th December 1945 1 

Abstract 

A Know corm rot of the Gladiolus caused by a species of Bnin,t i 
probably identical with Botrytu gladioli Kleb, it described The same 
fungus infects the leaves and flowers of the Gladiolus It overwinters as 
sderotes which germinate producing comdia under certain conditions 
Infected flowers develop abundant comdia Gorins are infected after 

digging the fungus entering through the cut stem end or the old corm 
It spreads along the vascular bundles and finally causes extensive rotting 
The disease may be controlled by dipping with Hortosan DP Zetan 
Corrosive sublimate or A retan as soon after digging as possible 1 he 
organism has a low optimum and maximum temperature and the disease 
may be avoided by digging early A number of popular vareties are 
resistant 

Comdia are produced in artificial culture on certain media under the 
stimulus of light The fungus responds to increasing carbohydrate content 
in the presence of vitamins or plant extracts but not in their absence 
Starch accumulates m actively growing lesions but in arrested lesions the 
accumulated starch disappears and a suberic sed layer develops between 
the healthy and diseased tissue The phloem tissue of infected vascular 
bundles is destroyed before the xylem tissue Infected cornu develop an 
indicator pigment by reaction between the living conn tissue and the 
fungus 


Introduction 

In June 1940 specimens of Gladiolus corms exhibiting a soft 
rot condition were forwarded to the Department of Agriculture 
by a grower at Kalorama Victoria The condition did not 
resemble the Gladiolus diseases common in Victoria up till that 
time and investigations were commenced to determine its cause 
and control As will be demonstrated in this article the disease 
was found to be Botrytu Conn Rot 

This disease was first described from Canada w 1927 (5) and 
has been mentioned in Canadian literature several times since 
that date (14 26) Drayton stated that it was common m Holland 
in 1929 (12) and according to van Poeteren (54) it is gaining 
ground in that country Moore (37) first noted the disease m 
England in 1927 He observed foliage symptoms in Holland m 
the following year It was recorded from Long Island New 
York in 1941 (11) 

In 1934 Noble et at (40) recorded a leaf and stem blight 
caused by a species of Botrytu in New South Wales but as no 
mention was made of corm symptoms this appears to he distinct 
from the disease described here 
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Dimock (10) described an epiphytotic of a leaf and flower 
blight in Florida which he attributed to a species of Botrytts 
Tisdale W B (53) has subsequently cast doubt on Dimocks 
diagnosis and considers the blight was not caused by any organism 
but by physiologic causes Ine lack of corm symptoms and the 
d >ubt of the actual cause made it appear a different disease t 
that described here 

1 rum inform ition obtained from growers the disease was 
piobably present in Victoria for at least a year before specimens 
were submitted to the Department It was apparently introduced 
m imported coinis somewhere about 1938 1939 Since the first 
record from Kilorama it has been recorded from other parts of 
the Dandenong Ranges the Leelong district the Ballarat district 
the Mornington Peninsula and the Metropolitan area of Mcl 
Inumc The disease is also present in the coastal regions of Ntw 
S< uth Wales (cc rrespondence with Drs L J Magee and Lilian 
I raser of tht New South Wales Department of Agriculture) 

losses caused by the disease have been considerable borne 
growers in the Kalorama district have lost over 50 per cent of 
the conns of susceptible varieties m years which have lieen 
fivirable for the occurtence of the disease 


Symptoms of the Disease. 

Ml parts f the plant aie affected by the fungus but from 
an cunomic point of view the attack on the corm is the most 
serious aspect of the disease 

Corm Symptoms 

Corms may exlnl it several types of symptoms but in the 
opinion tf the writer these symptoms arc successive stages in 
the attack i f the fungus cn the corm This view has also been 
suggested by Moore (37) 

In the earliest stage of the disease only the core of the corm 
is ittackcd At this stage there aie no obvious external symptoms 
m 1 affected arms can readily be overlooked in an inspection of 
c i ms A close examination however shows a brown discoloura 
ti >n of the basal plate When the corm is cut the core region 
sluws various stages of a brown rot condition (Plate V 
fiffs 4 7) 

In liter stages < f the disease the rot travels along the water 
c nducting vessels (Plate V figs 5 7) and it is possible for the 
c irm to he extensively rotted internally without obvious external 
s> mptotns 
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When the disease reaches the surface of the conn it spreads 
rapidl) produci^a soft brown rot I mally the whole corm may 
be reduced to a soft, rotten condition Lvcn at this stage of the 
disease, the symptoms may not be obvious till the bull) scales are 
removed However an infected corm will feci very soft when 
squtezed If the corm is held under humid conditions the fungus 
produces abundant white cottonv mycelium on the surt ice of the 
lorm This mycelium develops large black sclcrotial masses 
(Plate V tig 1) Usually the sclcrotes coalesce forming large 
coialloid bodies This stage is similar to that illustrated by 
Huks (26) I he mycelial growth and sclerote development 
usually occur on the surface of the bulb scales and between the 
bull) scales and the corm itself 

Under other conditions which are not completely undeistood 
hut prol>ably include exposure to light and to less humid con 
ditions than those which produce the cottony mycehil stage 
abundant conicha of Botrytis aic produced on the surface of the 
coim llowevei this stage is less frequently obstivul in Vutorn 
than the cottony mycelium sderotnl stage 

\fter extended storage the soft rotten conns gradually dry 
out to a mummified condition which usually hears abundant 
selerotes on the surface (Plate V fig 2) 

The extensive mleinil disorganization of the conn which in 
practically all cists involves the entire coie legion clearly 
differentiates this disease from other common Gladiolus diseases 
such is S ilcrotuua corm rot S iptorui corm rot and Penicillittm 
rot S lUrotima and S eptona product very hard dry rots which 
do not usually penetrate very deeply into the corm Pemctlluim 
may produce in extensive soft lot hut it can usually be traced 
to an injury on the surf ice of the corm and its commencement 
cannot be tiaced to the core region Thus a positive diagnosis of 
Botr\tis corm rot can usually be midc from a section of m 
infected corm 

lhe symptoms of 1 uuirium \ellows (Mc( ullock 16) resembles 
the Botr\tis disease in several respects In both diseases the coie 
of the corm is attacked and the disease follows the vascular 
bundles This disease has not been recorded in Australia and 
the author has not had the opportunity of examining specimens 
bul the presence of sclcrotes on Botrytis infected conns would 
distinguish the two diseases The description in McCullotk s 
paper suggests that Botr\ti\ also causes a softer type of rot than 
Fu umitw 

I F\h SwiFTOMS 

The same fungus is capable of attacking the leaves of the plants 
Affected leaves usually show a large number of small brown 
spots which frequently have a reddish margin (Plate VI 

1VH/41 — 8 
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fig 13) The spots may coalesce causing larger brown areas and 
the leaves may die prematurely Comdia are produced on infected 
leaves under field conditions but much less abundantly than oft 
infected flowers There is no evidence that this phase of the 
disease is of great importance under Victorian conditions as it 
rarely appears until after flowering when the plants are already 
senescent Until they are senescent Gladiolus leaves grow 
vertically and have a waxy surface This habit of growth would 
not favour infection from spores 

Slower Symptoms 

Flowers frequently liecome infected in the field dunng periods 
of humid weather The fungus causes water soaked areas on 
the petals (Plate VI fig 16) These areas increase in size 
rapidly and finally cause the flower to collapse (Plate VI fig 17) 
Abundant comdia are produced on infested flowers (Plate VI 
fig 16) and this is important in the life history of this fungus 
which does not pr< duce spores readily on most media 

Flowers which are left in the field thus contribute a large 
proportion of the spore load of Botrytxs 

This attack also causes considerable direct loss through 
destruction of blooms 

Collar Ror 

The fungus occasit nally causes collar rot of the growing plant 
under Victorian conditions The foliage of the affected plants 
becomes yellow and finally the whole plant dies When the 
affected plant is pulled up abundant sclerotes can be seen on the 
collar region of the plant (Plate VI fig 15) 

This phase of the disease has not proved serious m Victoria 
and is usually due to planting infected corms It is apparently 
more important under Fnglish conditions (37) 


The Oaui&l Organism 

Isolation 

Numerous cultures from infected corms have been made using 
tissue platings on to potato dextrose agar and a species of 
Botrytxs has been isolated consistently from the material 

Isolations have not been readily obtained from infected leaves 
Moore (37) experienced the same difficulty He explained this 
by suggesting that many of the spots represent abortive mfectu ns 
by Botrytxs However Botrytxs has been isolated from large leaf 
spots formed by the coalescence of several smaller spots 



Botrytts Corm Rot of the Gladiolus 


85 


Isolations have been successfully made from infested flowers, 
by plating small portions of infected material which had been 
surface sterilized with mercunc chloride on to potato dextrose 
agar Isolations have also been made from single spores on the 
flowers using Ezekiel s (17) modification of Kent s method (31) 

No difference could be detected between the characteristics of 
the organism isolated from the conns leaves and flowers 

Morphology 

Mycelium —The mycelium of the fungus develops abundantly 
on infected conns held under moist conditions it is white in 
colour and is loose and fluffy in texture Mature hyphae are 
somewhat variable in size but average 12 p m diameter Young 
hyphae are much narrower and average about 4 to 6/& in diameter 
The growth on common artificial media is similar to the growth 
on the host When grown on potato dextrose agar slopes the 
mycelium develops profusely 

Sclerotes —After several days growth on the corm or after 
about six days growth on potato dextrose agar, the mycelium 
near the substrata darkens and sclerotes develop These are at 
first creamy in colour but rapidly darken to black Frequently 
many sclerotes coalesce forming large coralloid masses Each 
individual sclerote is large in size and ranges from 1 mm to 
6 mm m diameter The surface of the sclerotes is smooth 

Macrocotttdia —Macrocomdia are not formed abundantly on 
artificial media but develop abundantly on infected flowers less 
abundantly on infected leaves and occasionally on infected conns 
Ihey are also produced from the sclerotes after several weeks 
storage under suitable conditions The comdiophores ire brown 
in colour and of the typical Botrytts type (Plate V fig 9) The 
comdiophores are about 12-14^* in diameter The cells of the 
comdiophores are variable in length but average between 
17(K290/i This is in marked contrast to the length of the cells 
of comdiophores of a strain of Botrytts ctnerea isolated from 
lettuce The cells of the conidiophoies of the lettuce strain 
varied from 90-17<V The macrocomdia are ovoid m shape and 
are 13-18^ (average 15 fi) long and 11-12^ (average 12/t) wide 
They are thus considerably wider than the comdia of Botrytts 
gladtolt as desenbed by Klehahn (32) who gives the dimension* 
of comdia of that species as 8-15 X 3-6 (average 10 4 X 4 7/) 
They agree with the dimensions of comdia from affected gladioli 
as given by Moore (37) who quotes the dimensions as 
12-15 X 9 12p (average 13 X 1<V) and with the dimensions 
given by B O Dodge and T Laskans (11) who give the 
dimensions as 12 5 21 4 X 8 3-13 2 (average 15 8 X f0 5 p) 

However it is doubtful whether this difference is sufficient to 
regard this Botrytts as a different species to Botrytts gladtolt 
Kleb 
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Murocomdia —Microconidia were not observed on natural 
media but develop freely in the depths of potato dextrose 
agar cultures ovet one month old The sporodochia appear 
macroscopically as olivaceous green aggregations of hyphae 
Microscopically the sporodochia arc pemullate This form is 
common to many Botrytis species (Drayton 13) lhe micro 
conidia are produced very abundantly and are spherical and 
ihout 2 fi in diameter 

No perfect stage of the oiganism has yet been observed, but 
the development of microconidia suggests that t perfect stage 
exists Drayton (13) states that, it is highly probable that 
this sexual mechanism is operative with perhaps slight modifies, 
tions in all of the spermatia producing Ascom\ceUs including 
in the term spermatia microconidia of the t)pe here described 

Groves ana Drayton (21) have shown the perfect stage of 
Botrytis ctnerea is a Sclerotmui 

Physiology 

The organism grows frttl) on most common media including 
potato dextrose ag u ind malt agar Its growth on Lzapek s 
solution is not vigorous unless the solution is supplemented with 
vitamins On all these nicdu tomdial production is sparse under 
ordinary conditions Sole rotes m produced rapidly in cultures 
on artificial medn if the organism has not l>een subcultured 
frequently If however the organism is subcultured frequently 
it eventualh leises to form sclerotes in culture The mycelium 
becomes vcllowish in colour and a >ellow pigment develops in the 
substratum 

This Ichmour lesemlles the dual phenenienon described 
lv 11 N HmscnandW ( Sn>dei (2?) 

In a later mle (24) tlu same auth rs desculie the existence 
of two forms of Punnlhnin n tit inn J he C form is the normal 
ccmdial type which is m untamed in that form if subcultures are 
made from conidia and cate is taken to avoid cuiymg mycelium 
over during the transfer If m>celium is used in subculturing the 
fungus reverts to the non sponng M form which produces a 
yellow pigment in the substratum 

\s Botntis sp pn ducts c nulii sparsely on artificial media 
sulKrultures have llwavs been made with mycelium and this may 
explain the change in char uter of the fungus after prolonged 
sulKulturmg However after repeated subcultunng for over a 
year the organisms although changed in appearance was found 
to lie still capable of infecting Gladioli 

The influence of a number of factors on the growth of the 
organism was investigated 
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1 EMI ERATURE 

Methods —Ihc organism was grown in 200 cc Erlenmeyer 
flasks on a liquid medium of potato extract and glucose solution 
prepared m the same proportions as potato dextrose agar The 
solution was inoculated by adding a spore suspension of the 
c rgantsm The conidia were devck ped on autoclaved Gladiolus 
flowers which were inoculated from a recent isolate on PDA 
and then exposed to sunlight on the laboratory bench 

Six flasks were then incubated for ten days at each of the 
following temperatures —19°C 21 °C 23°C 25°C 27°C and 
30°C Ihe fungus mats were then filtered oflF washed with hot 
water dried at 105°l and weighed 

Results —The results ire shown in 1 'ible I and are illustrated 
in Text fig 1 — 


Tvwh 1 


— 

10 C 

21 C 



27 C 

30 ( 

Weight of my «2)mn 

grin* 

100 

grma 

£90 

grmii 

gm ■ 

19 

grau 

018 

grni 

KM 


Hie organism thus has an optimum temperature of about 21 °C 
and a maximum temperature of about W°L which is unusuill) 
low for most common fungi 
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This low optimal temperature is in agreement with field 
observations that the disease becomes most serious late in the 
season when the temperatures are low and the humidity high 

Low temperatures favour other members of this genus L E 
Hawker (25) has reported that Botrytts narctsstcola Kleb causes 
greater loss of Narcissus at cool or moderate rather than at 
higher temperatures 

Brooks and Cooley (3) found that Botrytts ctnerea had an 
optimum temperature of about 25°C The amount of growth fell 
rapidly as the temperature was raised above the optimum and 
only slight growth occurred at 30°C 

Licht 

I ight has been found to stimulate the spore production of many 
fungi Hall (22) found that light stimulated the sporulation of 
Sckrottma fruettgena and when cultures on agar media m petn 
dishes were left exposed to sunlight on the laboratory bench 
alternate zones of vigorously sponng mycelium and sparsely 
sporing mycelium were produced The vigorously sponng zones 
were produced during the daytime and the sparsely sponng zones 
at night 

G H Coons (7) found tint pycmdia of Plenodomus 
fttsiomaiulans were only produced in the presence of light and 
C Ternetz (52) found the asci of Aicophanus carneus were 
produced under the influence of light 

A Beaumont et al (2) found that comdia of Botrytts tultpae 
develtped on the host less rapidly in low than high light 
intensities 

W Reidemuster (45) found that blue light but not rtd light 
favoured the development of comdia of Botrytts mmo 

Method A —Cultures of the Botrytts on PDA m petn dishes 
were prepared and when the growth was well established half the 
dishes were removed from the incubator and placed on the 
laboratory bench 

Results —Some comdia developed on the plates exposed to the 
light particularly at the edges of the cultures while no comdia 
developed on the unexposed plates in this experiment and they 
have only rarely 1>een observed on cultures which have not been 
exposed to the light However sporulation was not vigorous 
even on the exposed plates and therefore light is not the only 
factor which induces sporulation in the field 

A Beaumont ct al (2) produced comdia of Botntts tuhpae by 
exposing PDA plates to light 

Method B —Wheat grams were soaked over night in water and 
then 24 test tubes were half filled with the grains plugged and 
autoclaved They were then inoculated with Botrytts sp Twelve 
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of the tubes were placed on the laboratory bench and twelve in 
an incubator with a glass front held at 23°C Half of the tubes 
on the bench and half of the tubes in the incubator were wrapped 
in brown paper to exclude light 

Results —The tubes were examined after fourteen days incuba 
tion and it was found that the cultures exposed to the light on 
the bench and in the incubator had developed vig rously and 
abundant sclerotes had been produced In both cases the cultures 
from which light had been excluded had only developed sparse 
mycelial growth and very few small sclerotes The results are 
illustrated in Plate VI figs 19 22 

Nicolaisen W et al (39) found that ScUrotvni tnfohorum 
behaves similarly and that darkness retarded both the mycelial 
and sclerotial development of that fungus 

Nutrition 

Espenments have been conducted to determine the effect of 
increased carbohydrate and protein and the presence of vitamins 
cn the growth of the fungus In preliminary experiments agar 
media were used and the diameter of the colonies determined as 
the criterion of growth lhis method is not entirely satisfactory 
for no allowance is made for the density of the growth of the 
colony 

M th d —Potato dextrose agar was prepared containing J per 
cent 1 per cent 2 per cent and 4 per cent of dextrose lo 
P D \ of each of these dextrose contents 0 per cent 4 per cent 
1 per cent and 2 per cent of peptone were added Fifteen cc 
of the media were then poured into 10 cm petn dishes and 
inoculated at the centre with mycelium of Botrytts sp A uniform 
amount of inoculum was added by using a biscuit cutter 1 mm 
in diameter as described by Keitt (31) The plates were then 
incubated at 23°C in the absence of light After nine days 
incubation the plates were examined and the diameter of tnc 
colonies determined The experiment was conducted in 
quadruplicate 

Results —The results are set out in Table 2 where the mean 
colony diameters are quoted — 


Feptooe ConaHttrttioa 

Dextrose Concentration 

0 per cent 

ft pet oent 
ft em 

1 per cent 

2 per cent 

7 * cm 

4 per cent 

10 em 

4 per cent 1 

4 cm 

0 ft cm 

7 0 cm 

loom 

1 per cent j 

4 an 

6 0 cm 

7 it n 

10 am 

£ per cent 

ft cm 

• 0cm 

ft 5 cm 

10 cm 
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Ihe most significant result of this experiment was the marked 
response to increase of dextrose concentration A similar response 
by Botrytu itncrea has been found by f L Weimer and l I 
Hartner (56) They found that the dry weight of the mycelium 
increased with increased concentration of dextrose up to 30 per 
cent dextrose and was then reduced by further increase in 
dextrose concentration 

Peptone had no observable effect on the growth of the organism 
and apparently botrytis sp does not require large amounts of 
protein for growth 

Utilization of Various Sources of Nitrocen 
Method —Czapeh s solution was prepared with the usual 


formula of— 

Magnesium sulphate 0 5 grms 

Potassium phosphate (K»HPO ) 1 0 grms 

Potassium chlondc 0 5 grms 

Sucrose 30 0 grms 

Water 1000 0 ml 


The solution was then divided into six portions No nitrogen 
was added to one senes and 0 2 per cent of sodium nitrate was 
added to another portion 0 123 per cent ammonium chloride 
0 163 per cent of sodium nitrite 0 156 per cent of asparagin 
and 0 177 per cent of glycine respectively were added to the 
other four portions the nitrogen added being thus equivalent to 
0 2 per cent of sodium nitrate 1 7 per cent of agar was then 
added to each solution and after autoclaving 15 cc of the various 
media were poured into sterile petn dishes They were inoculated 
as previously described and then incubated at 2l°C for six days 
when they were examined and the diameter of the colonies 
determined There were four replicates of each treatment 

Results —The results are shown m Table 3 — 


Table 3 


nitrogen Source 

Colony 

Diameter 

Type of Growth 


on 


Nitrogen free 

10 

Extremely apane groutl 

Sodium nitrate 

10 

Normal growth 

Ammonium chloride 

Sodium iltrtte 

e 

4 

Normal growth 

Flat yullowlah growth 

Aaparagln 

7 

Normal growth 

Glycine 

7 

Normal growth 


These results indicated that sodium nitrate was the most 
suitable source of nitrogen for Botrytn sp S J Du Plessis (15) 
in experiments on the physiology of Botrytis cxnerea found thfrt 
the greatest weight of mycelium per unit of nitrogen consumed 
was on a nitrate containing media 
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Therefore sodium nitrate has been used as the nitrogen source 
in subsequent experiments 

These results demonstrate the unsatisfactory nature >f colony 
diameter as a criterion since the diameter of the colonies on 
media with no nitrogen was greater than whtn ammonium 
chloride sodium mtntc asparagin or glycine wtre present but 
actually the growth was extremely sparse and the weight of the 
colony would have been very much less than the weight of the 
colonies on any of the other media 

Utu ization of Carbohydrate in a Synthetic Medium 

Method —Czapek s solution plus agar containing 1 5 per cent 
3 per cent 6 per cent and 12 per cent of sucrose was prepared 
The same technique as has been already described was used and 
the colonies were measured after six days incubation 

Results —The results are shown in Table 4 — 


Tablf 4 


Sucrose (01 eentratlon 

Diameter of Colony 

h 

cm 

3 0 

8 0 

l 6 

• 0 

J 0 

18 0 

4 0 


Thus the fungus did not respond to increased sucrose concen 
t rat ion It was therefore obvious that potato extract contained 
some growth factor not present in the synthetic medium and 
without this factor the fungus did not resend to an increase in 
carbohydrate 

I ftect of Vitamins on the timwrn of the huNcus 

In 1858 Pasteur (43) had shown that growth of lactic acid 
bacteria was stimulated by the addition of onion juice to the 
medium In 1860 Pasteur (44) found that the development of 
yeast in a synthetic medium was markedly improved by the 
addition of organic substances present in natural materials These 
observations of Pasteur were tne first indication of the existence 
of growth factors 

The importance of vitamins for tie growth of certain fungi 
was first demonstrated by Schopfer (47) in 1934 He found that 
Phycomyces Blaketleeanus required thiamin for growth 

Schopfer (48) lists the following ascomyceies requiring 
thiamin for growth Saccharom\ces eertvtteae Nentatospora 
gostypu Nectrui coccinea Sphaerula tnfolu Volta pnu Helvetia 
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tnfula and Haplodenmum ptnestrt The importance of thiamin 
for these organisms was demonstrated by a number of workers 
who are quoted by Schopfer 

the importance of pantothenic acid was found by Williams 
et al m 1933 ( 58) and nicotinic acid was shown to be essential 
for the growth of Staphylococcus aureus by Knight (33) m 1935 

Biotin was extracted from egg yolk by Kogl and Tonnis (34) 
in 1936 and found to be still active on Saccharomyces at a dilution 
of 1 in 4 X 10 

In 1939 Orla Jensen et al (41) showed that lactic acid bacteria 
required riboflavin for growth 

A full account of the historical development of this subject is 
given by Schopfer (48) 

In view of the known importance of vitamins to fungal 
growth an experiment was conducted to determine whether a 
mixture vitamins of the B cc mplex either with or without biotin 
would supply the facte r without which Botrytis did not respond 
to increasing dextrose concentration 

Methods —Czapek s solution with the addition of 0 5 grams 
c f cxlcium chloride but without sucrose was used as the base 
solution Heavy metals (iron copper manganese and zinc) 
were added to the base solution Solutions containing 0 5 per 
cent 1 per cent and 2 per cent of dextrose were prepared 

1 en per cent by volume of potato extract prepared by boiling 
20 grams of potato in 100 ml of water and filtering was added 
to one series 

Members of the B complex of vitamins (thiamin riboflavin 
me time acid calcium pantothenate and pyridoxin) were added 
to another series to give final concentrations of ly per 50 ml 

These vitamins together with biotm concentrate to give a final 
concentration of ly per 50 ml were added to another series No 
addition was made to a fourth senes of solutions 

Torty eight ml of the various solutions were pipetted into 
200 ml Lrlenmeyer flasks and autoclaved at half an atmosphere 
for twenty minutes 

They were then inoculated by adding 2 ml of a spore suspension 
of Botrytts with a sterile pipette The spore suspension was 
prepared from a culture on autoclaved gladiolus flowers To 
reduce the risk of carrying over vitamins from the flowers the 
spores were washed twice by centnfugmg syphoning off the 
upematant liquid with sterile capillary tubing and adding fresh 
distilled water 



Botryhs Corm Rot of the Gladiolus 


93 


The flasks were then incubated at 25°C for ten days, when the 
mycelium was Altered off, washed with boiling water, dried at 
105°C, and weighed 

Remits —The results are shown in Table 5 and are presented 
graphically m flg 2 — 

Table 5 


DtxtroM OoDttatnttoD 


Addition to bMB solution 

1 

% 

1 

% 

2 

No oddttlon 

ota 

036 

26 

B complex vUtnlui 

oso 

044 

006 

B oomplex vitamin* phu biotin oodc 

040 

0 4 

102 

Potato oxtnot 

062 

126 

214 



The following statistical report on the results has been prepared 
by Dr H C Forster of the Victorian Department of 
Agriculture — 

“ A statistical analysis of the results has been conducted to 
determine (a) the signiAcance of the difference between the 
respective treatments, (b) the signiAcance of the difference if 
any, between the regression coefficients of the three treatments 
which included vitamins 
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Since the variation shown by the replicates of the different 
treatments vanes directly with the mean value of the treatment, 
the analysis has been conducted not on the original figures but on 
a transformation 1>ased on log (100 x) 


Comparison hie Ditffreni Treatments—Resuits on 
Basis of Loo (100 x) 


Bass Solo 

Base + VB 

Base + VB + 

■ biotin 

Dam + Potato Extract 

*% 

1% 

*% 


1°» 

2% 

' *°» 

1°. 

2% 

1% 

1 °* 

8° 

84 

54 

40 

80 

04 

08 

| 00 

06 

1 08 

08 

1 10 

1 34 


48 



84 


70 


1 20 



B B (between dosage*) — 054 For significance djffenn *a most exoeed IS 
B B (between treatment*) 038 For significance differences most exceed 00 
F 1% both between main treatments sod within main treatments 


It is evidtnt therefore that there are significant differences 
both between tht various main treatments and except in the case 
of the base solution between the dosages of those treatments 

Comparison of Rfc ression Coefmcients of Dosacl 
Kecrfssiov Lines of the Various Trfatmpnts 

It is obvious that the regression line of the base solution is 
significantly different from the other three regression lines The 
base solution treatment has therefore been deleted from this 
analysis and a test conducted to see whether the other three 
regression lines differed one from the other 


Analytic 

Tnatmant d/f 

% 

V 

■V 

5 

Lav 

"Sa* 

Errors of Estimate 

(Xmf 

9 ~TT 

d/f 

iff 

Bam + VBS 

00 

1 158 

1 080 

1 188 

0 004 

X 


Bam + VB + biotin 2 

00 

088 

0 780 

0 800 

0 OHO 

1 


Bam f Potato Extract 2 

00 

448 

0 880 

0 700 

0 007 

1 







0 007 

3 

0 022 

Total 

2 70 

8 888 

8 370 

0 678 

0 185 

6 

0 037 


F - *•* which la sot tigniftoant 
Offs 


It is apparent therefore that there is no significant difference 
between the regression coefficients of these three treatments 

It should be noted that the regression coefficients of the above 
table are those of the transformed figures (References— 
Snedecor (51) and Cochran (6) ) 
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lhe results demonstrate that theie is no response to increasing 
dextrose concentration when no vitamins and a purely synthetic 
medium is used When vitamins arc added to the base solution 
however a marked response is obtained There was no 
significant difference between the gradients of the turves for 
increasing dextrose content when vitamins and biotin or potato 
extract are added to the hist solution 11 is suggests that vitamins 
are the main limiting factir 111 preventing response to lnueiscd 
dextn st lhe gieater growth obtained with pot ito extract could 
be explained bv the additional cxrimhydi ate added with the 
extract and an extra growth factor is not necessarily present 

Schopfer (48) in commenting on results obtained by Leonian 
and Lilly suggests that the effect of organic at ids (succinic uid 
fumane) on the response of Phyiainwt* to thiamin is due to the 
addition cf nutrients (cxrlioii compounds and minerals) rather 
than to an addition il growth factor In this case the response 
c< uld not be due to minerals since pure mineral salts were not 
used and all the elements known to be important in fungal 
nutrition were added to all solutions 

1 ittic response to vitamins was obtained at low dextrose con 
central ions but a very marked response when 2 per cent was 
present (set fig 2) Burkholder and McVeigh (4) found that 
with 4 0 ind 8 0 grams per litre of isparagin and thiamin at 
1 X 10“® Molir glucose was limiting up to quantities of 80 or 
100 giams per litre 

\ definite response biotin c netntrate was obtained 

Crystalline biotin was not avulible for the experiment and un 
published data by Millikan suggests that the biotin coneenti ite 
used contains growth fact rs other than biotin 

It is unlikely that all the vitamins added are essential for the 
fungus and further work will lie conducted to elucidate this point 

Production ob Conidi \ 

In the field conidia aie produced abundantly on infected 
flowers less abundantly on infected leaves and occasionally on 
infected conns but as already stated in previous sections conidia 
are not pu duced leadily on ordinary media 

Newton (38) found that conidia of Potr\t%s tuhpae were pro 
duced when the fungus was grown on tulip extract agar although 
this fungus does not produce conidia on bailey meal corn meal 
or synthetic agai media Gladiolus dextrose agar was prepared 
in the same manner as potato dextiose agar However when the 
fungus was grown on this medium in the absence of light in an 
incubator at 23 6 C no conidia were produced When grown on 
this medium in the presence of light on the laboratory bench some 
conidia were produced but not more than on potato dextrose 
agar under the same conditions 
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As conidia art produced on naturally infected flowers, gladiolus 
flowers were placed in Erlenmeyer flasks and autoclaved They 
were then inoculated with Botrytts sp and placed in an incubator 
at 23°C They were then transferred to a laboratory bench 
exposed to the light In 21 days after the start of the experiment 
conidia had developed abundantly on the flowers 

Hopkins (28) noted the vigorous sporulation of Botrytts 
tultpae on infected flowers and suggested this was due to the 
favorable moisture relations He therefore grew Botrytts tultpae 
on potato dextrose agar in petn dishes and allowed the medium 
to ary out and conidia were produced on these plates 

Reidemeister (45) considered that the drying out of cultures 
or culturing on media of high osmotic pressure were the most 
important Factors in inducing sporulation of Rotrvtis unerea 

An experiment was conducted to determine whether drying out 
of the medium or exhaustion of the food supply would induce 
sporulation of Botrytts sp 

Method —One millilitre of potato dextrose agar was pipetted 
into each of twelve MO ml fcrlenmeyer flasks autoclaved and 
inoculated with Botrytts They were then incubated at 23°C for 
seven days The plugs of six flasks were then dipped into 
paraffin to prevent the drying out of the agar The remainder 
were unwaxed Three waxed and three unwaxed flasks were 
then placed on the laboratory bench where they were exposed 
to light and the same number of waxed and unwaxed flasks left 
in the inculwtor away from light 

Results —After fourteen days it was found that conidia had 
developed on both sets of flasks which were exposed to light but 
no conidia had developed on either set kept away from light 

A similar experiment was also conducted with gladiolus 
flowers gladiolus stems and cyclamen flowers and again it was 
found that conidia were produced on the materials in both waxed 
and unwaxed flasks which were exposed to light but not in the 
flasks kept away from light 

These results indicate that both exhaustion of the food suppl> 
and drying out of the medium can induce sporulation provided 
the cultures are grown in the presence of light 

The effect of impoverishment of food supply on sporulation 
has been observed with many fungi For example G H Coons 
(7) found that rapid fruiting of Plenodomus fuscomaculans 
could be induced by removing a strongly growing culture to a 
dilute nutrient solution or to distilled water It appears that 
factors which are unfavorable to continued vegetative growth 
are favorable to sporulation 
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It has been noted that, after preparing a spore suspension from 
spare-bearing flowers in Erlenmeyer flaws, sporulation is profuse 
This may be due to washing away nutrients when the suspension 
is prepared 

Apart from sporulation which develops from the mycelium 
under the conditions described, conidia are produced from 
sderotes on cultures on any common medium, after the cultures 
are several months old Plate V, fig 11, shows conidial pro 
duction from a sclerote from a potato dextrose agar culture 
Conidial production has been observed from sclerotes in cultures 
which had been stored away from light, but conidial production 
occurs more rapidly in cultures exposed to light 

Botrytu etnerea produces conidia from sclerotes m a similar 
manner (60) 

Bfifoot of the Fungus on the Oorm. 

Histology 

Sections were cut of conns in which the disease was active 
and of conns in which the disease had been arrested The usual 
method of paraffin embedding was used, except that 5 per cent 
of microcrystalline wax was incorporated in hard paraffin to 
prevent the paraffin forming large crystals and thus facilitate 
sectioning 

In active lesions the middle lamella of the cells of diseased 
parenchymatous tissue had been destroyed and the cells greatly 
distorted The cell contents showed no definite structure but 
contained an accumulation of starch granules At the edge of 
diseased lesions there is usually a sharp line of demarkation 
between the almost completely disorganized diseased tissue and 
the surrounding normal tissue (Plate VII, fig 23) The mycelium 
of the fungus was abundant in the disorganized tissue and some¬ 
times penetrated to a depth of several cells into apparently normal 
tissue 

In some sections, however, there was a layer of cells containing 
a reduced number of starch grains lietween the infected tissue 
and the normal tissue (Plate VII, fig 24) The infected tissue 
contained an accumulation of starch granules and there was no 
suberinised layer at the edge of the healthy tissue It therefore 
differed from the histological structure of arrested lesions, which 
will be described later 

As previously stated the disease travels along the vascular 
bundles Tlie phloem tissue of the infected bundles is rapidly 
disintegrated and later the wood vessels are attacked and 
destroyed Plate VII, figs 26a and b shows a longitudinal section 
through an infected vascular bundle The phloem tissue has been 
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almost completely destroyed but the wood vessels still show fairly 
normal structure Hopkins (28) noted that Bo try its tuUpae 
destroyed the xylem of infected tulips 

Infected tissue of terms in which the disease has been arrested 
differ in several respects from those just described ihc severely 
infected tissue is simd u to that in actively growing lesions but 
no starch granules are present It is surrounded by a layer of 
cells about 1 to 2 nun wide which have practically no cell 
(ontents and very few starch grains, but the cell walls do not 
show marked distortion J his layer of cells only contains few 
Inphae of the organism At the edge of these cells there is i 
la\er of rectangular subt mused cells and beyond that the tissue 
is normd (Plate VII fig 25) 

the development of a subennised layer around diseased lesions 
in tubers md eorms has fiequcntly been reported Hill and 
Oiton (27) found that jjotito tubers infected with bluestem 
disease pioducc a layer of sulicrmi ed tissue around the infected 
tissue 

MlCROCllTMItAL TESTS 

To determine the chemical changes in the diseased tissue a 
senes of nncroi hemic al tests were conducted Fresh hand 
sections were used -ind methods described by Johansen (30) and 
In Hill nnd Orton (27) were employed for most of the tests 

Mm inns and R* \otNis Usm 

Starch e\n Dfxtiuni 

The it ual ic dine test 

Scfehis 

A sclution if Sudan III in 957 alcohol 

Rfi i ci\c Si ( AHS 

The < sa/one test as described by Johansen 

pRon rss 

Thi suti jus were stained for 24 h iurs in a situnted aqueous 
solution (f picric acid 

Cm i losf 

Jhey were pi iced in i drop if udine solution and a drop of 
757 sulphuric and was allowed to diffuse under the covershp 

Mfthyi Vf\ rosvs 

The sections were placed in one or tw( drops of acetone a drop 
of hydn chloric acid was added and the sections wirmed for 
fifteen minutes 

T If MN 

Thi sections were placed in a 1% alcoholic solution of phloro 
gluunal and a drop ot hydrochloric acid added 
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Abakan and Xylan 

The teat wm conducted a* for lignin but the sections were wanned 
for ten minutes 

Pectin 

The sections were stained in a dilute aqueous solution of ruthenium 

red 

Tannins 

The sections were placed in 10% aqueous feme chloride plus a 
little sodium carbonate 

Saponins 

The sections were placed in concentrated sulphuric icid 

Rfsins 

The sections were left in a 7% aqueous solution of copper acetate 
for 5 days 

Oxidam. 

The sections wm placed m a 1% solution of txnridinc in 60% 

alcohol 

Peroxidase 

The sections were placed in a 1% solution of htn/idinr m 60% 
alcohol and a drop of hydrogen peroxide added 

Cataj 

The sections were placed in a 1% solution of gum arable and a drop 
of hydrugen peroxide was added 

NirRAifrs 

The sections were placed in a 0 1% solution of diphcnytamine in 
75% sulphuric acid 

PllOSI H ATFS 

Hit method used was that employed by Hunqihriy and Dufrcnoy 
(29) The sections were placed in a mixture of 5 ml of a solution 
of 20 8 ml of sulphuric acid and 6 41 gmis of ammonium 
molybdate made up to 250 ml with distilled water and 1 ml of a 
solution of 0 5 grms of 1-amino 2 naphthol 4 sulphonic acid tnd 
5 75 grms of sodium bisulphite, plus 5 ml of t 20% solution of 
sodium sulphite mide up to 90 ml with distilled water 

Calcium 

The sections were placed in a 2% aqueous solution uf oxalic acid 
The acid was withdrawn after thirty minutes a tmerslip added 
and alcohol allowed to diffuse under the coverslq 

Calcium oxalate 

The sections were placed in a 7% aqueous elution of copper 
acetate 

SULPHATSS 

The sections were placed in a 1% solution rf Iwnzidine chloride 
in Vfo hydrochloric acid 

Results —The parenchymatous tissues of healthy gladiolus 
corns contain starch grains, but they are not present in the tissue 
of the vascular bundles In conns in which the disease is active 
1051/45 —7 
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extensive accumuatum of starch occurs in the infected tissue 
(Platt VII tigs 23 and 24) The surrounding healthy cel's do 
not show any marked reduction in the number of starch grains 
present Hopkins (28) noted that starch accumulated in tulip- 
hath tissue in fated with Botr\tis tuhpai 

Pie tin is absent from the diseased areas hut is present as the 
middle 1 mu 11 1 m hcilthy tissue The capacity of Botrytts species 
to mi i/e iK\tm lias l>een noted hv stvcral workers A report by 
the food tnd \egctiblcs Committee Department of Science and 
lndustml Htscireh (9) st ites tint in studies of the parasitism 
of hotr\ti* sp on the apple it was found tint the organism 
utilized tonsideriblt c|inntities of putin Davidson and 
Willimin -tS) rijjortul that RotrMts evuna produces peetinasc 
I he i iputn t / (tr\h* to utilize pectin expl mis tht rapid dis- 
oigim/iti n I infected tissue 

I he tell wills art changed to a material which stains yellow 
w itli jodme md is ipparenth a dextrin 

\o ieducing migus were dtlected m healths tissue but glutoso 
/ones dcvdo|M.d in some sections of diseased tissue which were 
tested Iht osi zones did not tppear till after forty eight hours, 
which suggest 1 ; tin it due mg sugar present was glucoxt 

Siponins and the inrvines tatalise and i>ero\ulasc were prtsent 
m both lualthv md (list isul tissue Oxidase was not detected in 
diseased tissut md it w is only detected in developing shoots of 
the lit iltln tissut 

I ut inti ites lignin nutlnl pentoses lesuis t mnms t iluum 
e ile min ox il ite uul sidphitts wtie nit detceled m either hea tin 
or (1 1 st isul Ti^iu Suhetm ins not detected in <ti ai the t ’gt of 
ittnc dm ist(1 lesions I he phosphate lest was not conducted 
on mitt rid i f this t\|K \o deposits of piotem mitetial wcit 
detutid in he iltln or (list isul tissue 

V pigment which changes to \inaceous rufous—Ridgeways, 
colour chart (46) on the addition of alkali is produced m 
infected tissue 1 his pigment is water soluble and when 
cxti icted from the conn is amber yellow coloured It changis 
to \in uei us rufous it pH 6 8 md may lie precipitated from 
aqueous solution In tlu addition of excess acid The chemicaT 
natuie if this nntcriil has not l>etn determined 

Small uuantffie* of the same pigment are pioduced in gladiolus 
corms infected with Scptoria gladioli or Bacterium marginatum 

The pigment is not produced hv Botrytis when the organism 
grows on ]wtato dextrose agar or gladiolus dextrose agar 
potr\tn was grown on autoclaved gladiolus torms hut no 
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indicator pigment woj produced Therefore the pigment is pro¬ 
duced by lmng gladiolus corn tissue when invaded by Botryhs, 
Seftona gladm%, or Bacterium marginatum 

Kretuer (35) found that a pigment which changes in colour 
from red at pH 8 5 to yellow brown at pH 4 5 is produced in 
onion roots infected with Phoma tirrestns 

The chemistry of infected tissue in corms in which the disease 
has been arrested differs in several features from infected tissue 
of corms in which the disease is active The disorganized tissue 
contains little or no starch but is similar m other respects to that 
described previously 

Ihe phosphate test demonstr iled the presence of free phos¬ 
phate or loosely combined phosphorous compounds in the 
htalthy tissue blit no reaction for phosphates was obtained in 
diseased tissue Humphrey and Dufrcnoy (29) found that free 
phosphite ippeirs m oat tissiu infected with crown lust 
Apparently in the ccsc of liotrytis the phosphates ire used by the 
fungus and do not accumulate This tissue is surrounded by a 
layer of celK ibout 1 to 2 millimetres wide which is practically 
devoid of cf II contents J he cell wills are not distorted in shape 
hut stain yellow with iodine showing that they hive been pirtially 
hioken down to dextnns The middle hmella stains progressively 
funtcr with ruthenium red towards the disorganized tissue 
indiciting tint it has been pirtlv dissolved 

1 his liycr is surrounded by rectangular cells with subennised 
w ills md btv« nd the tissue Ts normal ( Plate VII tig 25) 

Pathogenicity and Host Range 

ihe pithogemeiU of Botryhs to glulioh was demonstrited by 
m euhtmg healthy conns with i pure culture of the organism 
The organism was introduced by needle puncture and the corms 
wttc then pi iced in jars contiming i free water surfice After 
sc\eral days brown lesions typical of the disease in the held 
dcveloptd (Platt V fig 12) and they increased ripidlv in size 
with contimud incubation 

Isolates were made from the edges of lesions on irtificially 
infected corms ind Botr\ti\ wis consistently isolated 

1 he disease has only lieen observed undt r field conditions on 
\ ineties of Gladiolus pnmulintts and gladiolus hvbnds 

I lmited infection experiments using the technique described 
alove were conducted on eoims or bulbs of cyclamen narcissus 
Gladtolui eohnlhi and /no qrandtflora Infection occurred in 
corms of Gladiolus cohiHu and fua grandiflora though the 
diseisi has not licen ohseived on these plants in nature 
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Method of Infection in the Field. 

it has previously been stated that Botrytts enters the gladiolus 
corm along the vascular bundles Large numbers of infected 
conns were examined and in all cases at least portion of the core 
of the corm was infected and had spread from the core to other 
portions of the corm along the vascular bundles In no case had 
the fungus entered the conns through parenchymatous tissue 

I rom theoretical considerations the fungus could enter the core 
of the corm through the old corm from infected soil, it could pass 
down into the corm from infected foliage or it could enter the 
corm by infection of the cut stem, or the old corn, after the 
corms were dug 

In most of the infected cornis examined the whole of the core 
was diseased In some corms however ,nnly the top portion of 
the core was infected In these cases infection could have 
occurred bv the fungus passing down into th< conns from infected 
leaves or by infection of the cut stem end while the corms were 
on the drying racks (Plate V fig 8) A few corms only showed 
infection of the lower portion of the core Infection could have 
occurred from infected soil or by infection of the corms on the 
drying racks 

Pot expenments were conducted in 1941 42 in order to deter 
mine the probable method of infection in the field 

The susceptible vancty Picardy was used for the experiment 
and the plants were grown in virgin, red mountain soil m 8 in 
pots One senes was planted into soil which was inoculated by 
mixing it with infected corm material The leaves of another 
senes were inoculated, before the plants flowered, by brushing 
them with coudia developed on artificially infected flowers 
Another two senes were inoculated in the same way immediately 
after flowenng After inoculation the plants were held in a 
humidity chamber for twenty four hours and then removed to 
the glass-house 

Abundant lesions, typical of Botrytts infection in the field 
developed on ill the mocuhted 1ei\es 

The corms were dug six weeks after flowenng and the pre 
flowenng inoculated senes one of the post flowering inoculated 
senes and the soil inocuWted series were stored in closed tins to 
reduce the rate of drvmg of the corms The othi r post flowering 
inoculated series was stored under good conditions on i wire 
netting stretcher 

The freshly cut stem ends of two other senes were inoculated 
by brushing with diy conidia of Botrytts One senes was stored 
in a closed tin and the other on a wire-netting stretcher 
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Two other senes were not inoculated and one stored in a closed 
tin and the other on a wire netting stretcher 

There were bix replicates in each senes throughout the whole 
experiment 

\fter storage for eight weeks the conns were examined and it 
was found that typical Botrytxs rot had developed in the senes 
m which the cut ends of the conns were inoculated at digging 
time and then stored in closed tins Ihe cornis in all the other 
senes did not develop the disease 

Ibis experiment demonstrated that infection can occur through 
the cut stem ends of the conns, if they are stored under humid 
conditions The experimental conditions may not have been 
favorable for soil infection as the pots were well drained and 
soil infection may require a high soil moisture content However 
evidence in the field does not suggest soil infection is important 
and serious infection of conns, which were grown on virgin soil 
has been observed The failure of soil sterilization experiments 
to control the disease supports this view 

Vs heavy leaf infection was obtained in the experiment it is 
unlikely that infection of corms develops b> the disease passing 
down from the leaves into the conns This view is supported 
by the failure of foliage sprays to control the disease and 
evidence from the control experiments conducted subsequent to 
this experiment suggests that all field infection occurs on the 
dmng racks after digging 

Vs some of the infection on the racks could >ccur through the 
cut stem end of the corm and some thiough the old corm it 
kerned possible that the amount of infection would be reduced 
if the tops were not removed *rom the conns after digging 

therefore an experiment was conducted in the 1943 44 season 
in which 200 corms of Picardy were dug and stored without 
removing the tops, on wire netting stretchers The tops were 
icnuned from an equal number of Picardy corms and they were 
stored under the same conditions* 

1 he tonus were examined after ten weeks' storage and it was 
found that 45 per cent of the corms from which the tops had 
Iitcn removed were infected while only 34 per cent of the other 
series were infected Thus the disease enters both from the cut 
stem end and through the old coim 

Control 

Control measures recommended by Dodge and Laskaris (II) 
and Moore (17) are stringent fit Id and storehouse sanitation 
These methods would probably reduu the disease hut are not 
a completely satisfactory solution to the problem 
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1 he experiments on control described here w ere designed to 
prevent the entr> of the fungus into the conns \s the disease 
attacks the interior of the tomi it is obvious that dipping infected 
conns with fungicidal solutions will not control the disease A 
limited number of experiments were earned out in an attempt to 
stenhze mfecttd corns by volatile materials and these will be 
desenbed later hut the method was not successful 

Because of the three possible methods of entrj dcscnlied in 
the pieccding scctii n experiments were conducted on soil 
stenlization spraying to prevent foliage infection ind dipping 
of the corms it digging time 

Expenmrnts were also conducted on the influence of time of 
digging and to determine w lie the i any varieties of tilt gladu Ins 
wert resistant to the disease 

Son Smui i/vtion F xpirlmfn rs 

An experiment on the effect of s d stenhzatun was c inducted 
m the 1940 41 season 

Mith d —Trenches 4 imhts detp and 40 feet long were du^ 
and the fungicidal materials were then applied Ihe soil wis 
then replaced and the treated areas covered with lugs for five 
days After fourteen days 100 corms of the variety Picardy 
were planted in each treated row and in untreated row Ihe 
experiment was laid out as a mid inured block and there were 
four replicates of each trcitment 

lhc treatments tested were—formalin 2 per cent applied at 
the rate of £ gallon per square >ard bleaching powder at the 
rate of 1 lb per 20 square >aids and carbon bisulphide at the rate 
of 1 pint per square yard 

Six weeks after the plints hid flowered they were dug and 
placed on wire netting stretches in the same order as their position 
in the field After storage fot six weeks the scales were removed 
from the corms and the number infected with Botrytts were 
determined 

Results —The plants grew normally except that the foliage of 
the carbon bisulphide treated rows was deeper coloured than the 
controls during the early stages of growth though the effect was 
not maintained throughout the season This was app&rentl) due 
to pirtial soil stenlization (Waksman 551 
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Determination of the F value (Snerlecor. 50) showed that the 
differences in the experiment were not significant. The method 
of angular transformation is taken from Cochran's paj>er (6) 

Soil sterilization does not therefore appeal to offer any 
possibility of control, and this experiment, considered together 
with evidence previously presented, indicates that soil infection 
is not an important factor in the disease Therefore sod steriliza¬ 
tion experiments were not conducted in subsequent seasons, 

.Spraying Experiments. 

Methods .—Conns of the variety Picardy were planted in unvs 
<>f 100 conns according to ordinary commercial practices The 
experiments were sprayed in randomized blocks, each row of l()U 
conns constituting a single plot. There were four replicates of 
each treatment and the same number of unsprayed plots 

Tile plots were dug six weeks after flowering and placed on 
wire-netting stretchers in the same order as the position of the 
plots in the field. The scales were removed from the conns 
after six weeks' storage and the nnmlwr of mfeited cortns 
determined 

Results (1940-41 season) —Lime sttlpluii 1 in 40 and 0 4 40 
Bordeaux mixture were tried in that season Agral II was 
added to the spravs at the rate of 1 in 2.000, and good wetting of 
the foliage was obtained. Spraying was commenced one week 
after flowering, as foliage infection does not occur before 
flowering under Kalorama conditions 

Lime sulphur w’as ineffective and lesions de\cloj>ed on the 
^prayed plants. Bordeaux mixture prevented foliage infection 
for a fortnight after application, but later some lesions developed 
as the spray washed off the leaves 

Table 7 shows the percentage of infected enrms — 

Tablf 7 

“ - r ------ 

- Uttpnyed J Uord*Ki* Unw flulphm 

PfercwiUfe 2S°u J , 24' 5“ 

A B«le 28'M* j ai'lfi J , 

The F value was determined and it was shown that the 
differences were not significant. However, it was felt that this 
could have been due to an insufficient number of applications of 
Bordeaux, and therefore a further spraying experiment was 
conducted in the 1941-42 season 
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In that season 6:4:40 Bordeaux mixture, plus 1 in 2,000 
Agral II., was applied at weekly, fortnightly, and monthly 
intervals, copper oxychloride (" Soltosan”) at the rate of 3 lb. 
in 40 gallons, plus 1 in 3,000 Agral II. at fortnightly intervals, 
and a commercial copper dust (“ Coppodust ") at fortnightly 
intervals, were tried. 

The copper oxychloride caused slight foliage injury, and did 
not prevent leaf infection. Copper dust did not cause injury 
Imt was ineffective. Bordeaux was effective in reducing the 
number of leaf lesions in the plots that were sprayed at weekly 
and fortnightly intervals. It delayed infection in plots sprayed 
at monthly intervals but did not prevent its development before 
the conns were dug. 

Table 8 shows the percentage of infected corms. Analysis by 
the F value showed that the differences were not significant:— 


Tablf 8. 



Untpreyed 

Bordeaux 

WeeU> 

Bordeaux 

Fortnightly 

Bordeaux 

Monthly. 

SottOMO 

CqppodwL 

Ptoftontaftr 

2- 6% 

8*4% 

fl- 1“, 

4- 0% 

4- 8% 

44% 

Angle 

H-ir 

10-8S’ 

| 14‘2S° 

11-48° 

| 12'flO* 

12 *07* 


In this season the percentage of infected corms on the untreated 
plots was low, and the experiment was not therefore entirely 
conclusive However, no evidence of possible control by spraying 
was obtained for the second successive year, and therefore 
spraying experiments were not conducted in sulwequent seasons. 

Truatini, run Corms AT DlU'.IM. Timk. 

Dipping of corms, bulbs and tillers is usually conducted during 
the dormant period 1>efore planting, with the object of destroying 
diseases present on the surface of the corni. However, this would 
not be effective against the Botrytis disease of the gladiolus and 
therefore experiments were conducted to find a method of pre¬ 
venting entry of the disease into the corms 

L. Hawker (25) tried dipping narcissus corms in cold formalin 
at digging time but it did prevent infection with Botrytis narcis - 
sicola She found, however, that cold formalin, brassisan, folosan,. 
and ceresan reduced losses due to Fusarititn bulbigcnum. F. 
Weiss ct al (57) found that mercury compounds, particularly 
ethyl mercuric chloride and ethyl mercuric phosphate, were 
effective in preventing Fusarium bcaal rot of narcissus. A two- 
minute dip was as effective as longer treatments. The treatment 
was most effective if given immediately after digging. They 
found that the treatments caused injury to the flower buds In 
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sulisequent crops, and they did not achieve a practical compromise 
between effective control and no flower injury. A number of 
treatments at digging time have teen tried against Botrytis of 
the gladiolus. 

Methodsi —After digging, the cornis were washed free of soil 
with a water spray and then counted into latches of 100. They 
were then placed in light hessian lags and dipped in the fungicidal 
solutions. After draining they were then spread out on wire- 
netting stretchers and stored on racks for drying. There were 
four replicates of each treatment and they were arranged on the 
stretchers in a randomized block arrangement. 

After storage for six weeks the scales were removed and the 
number of infected conns determined 

Results (1940-41 season).—Dipping treatments tried were lime 
sulphur 1 in 20 for six hours and copper sulphate 2 per cent, for 
24 hours Another series was dusted with penta-cldoro-niiro- 
tenzcnc (“ Folosan f% ) The variety Wolfgang von Goethe was 
used for the experiments Gram and Thomsen (20) found 2 per 
cent, copper sulphate effective in controlling Botrytis ttdipac. 
IVntachloro-nitro-ten/enc was found by Smieton and Brown 
(49) in control Botrytis cincrca on lettuce 

Tabif, 9 
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The V value was deteimined and the diffciences found to be 
non significant. 

t opper sulphate caused severe injury and no count of infected 
emms was possible. 

Wither of the other treatments caused any significant reduction 
in the number of infected corms 

Results (1941-42 season)—In that season shorter dipping 
times were employed to guard against similar injury to that pro¬ 
duced by the copper sulphate treatment The variety Hindcn- 
hurg's Memory was used for the experiment. 6:4:40 Bordeaux 
mixture, plus 1 in 2,000 Agral IT.. for half an hour; lime sulphur, 
1 in 40, plus 1 in 2,000 Agral II., for half an hour; mercuric 
chloride (corrosive sublimate), l in 1,000 for 1 hour, and a com¬ 
mercial brand of copper dust “ Coppodust ° were tested 
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iihli 10 shows the numlRi of infected cornis — 
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Whole experiment highly significant by I test 

Difference for significance at 1 per cent level 3 48' 

Difference for significance at 5 per cent level 2 48° 

J lie mi the (1 of male sis of y manic described b> Sncdecor (51 ) 
\ns used 


lb til urrosiie sublimate and coppei dust produced a lcductum 
in infected cornis which was sigmhi mt at the 1 per cent ltvtl 
though the control exercised by copper dust was not sufficient to 

be of much lornniercnl value Corrosive suhhnntc cxeicised 

good control hut caused a superficial injur\ in the foini of a hard 
brown depression along the base of the scihs on the conns 
Ifowtier when thtse conns were giown the plants were normal 
And produced noimul flowtis Hotdeattx mixture ciused i 

reduction in the numliei of infected cornis wlmli was sign ficain 
at the 5 per cent level hut it w is not sufficient to l>e of 

commercnl \alue 

I he numlicr of infected corns produud m the lime sulphur 
treitcd cornis was significantly highti than the untreated Ibis 
was Apparently due to the fact that the tieatmcnt delated the 
drying of the cornis and thee run mud susceptible fm i longer 
period than untreated cornis 


Kcsultv (1942 43 season)—In this season corrosivt suhlini itc 
1 in 1 000 plus Agral IT 1 in 2 000 for one minute and for 30 
minutes and Hortosan I)P at the rite of I o/ in 5 gdlons for 
two minutes and fifteen minutes were tested The conns were 
placed in hags of cheese doth instead of hessian bags Hu 
variety Picard) was used for the experiment 

Tlortosan DP is a proprietiry material containing 2 5 per 
cent of mercury as an organic mercuric compound 
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Alt treatments caused a significant reduction in the nundxT of 
anfected corms. Hortosan D.P. for fifteen minutes was 
significantly better than all other treatments. There was no 
significant difference between the two corrosive sublimate treat¬ 
ments. No injury was caused by any of the treatments 

Results (1943-44 season).—The primary object ot the experi¬ 
ment in this season was to test the effectiveness of other 
proprietary organic mercurials, and to repeat tests on Hortosan 
D.P. for fifteen minutes and corrosive sublimate, plus I in 2.000 
Agral IL, for two minutes. Arctan (containing 3-5 per cent, 
mercury as methyl-oxy-ethyl-mercuric chloride used at the rate of 
4 oz. in 10 gallons) and Zetan (synonymous with New Improved 
Semcsan Bel, containing 12 per cent. hydroxv mercum nitro 
phenol and used at the rate of 1 lb to 10 gallons), were also 
tested. A dipping time of fifteen minutes was used foi l>oth 
materials. 

The variety Picardy was used for the esjxriiiicnts and the 
corms were dipped in light hessian 1>ags 
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Whole experiment hightly significant at 1 per cent, level 

Difference for significance at 1 per cent level 8-31 1 
Difference for significance at 5 per cent. level . 5*93 n 

All treatments caused a significant reduction in the numltcr of 
infected corms There was no significant difference between 
treatments at the 1 per cent, level, but at the 5 per cent, level 
Hortosan D P. was significantly better than Aretan or Corrosive 
sublimate. 

Replenishwknt ok Solution. 

From an economic point of view it would !h* desirable to he 
able to use the same solution for several batches of corms It is 
obvious that some reduction in strength of the dipping solution 
will occur after each batch of corms. Gilmore and Robinson (18, 
19) investigated the loss in strength of corrosive sublimate 
solutions after dipping seed potatoes 

Therefore in 1944 a dipping experiment was conducted to 
•determine the loss in strength of Hortosan D.P 
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Method ,—Four gallons of Hortosan D.P. solution was pre¬ 
pared and a sample of the solution taken. Then three successive 
rmtehes of 200 washed comis were dipped in light hessian bags. 
Each dipping was for exactly fifteen minutes. After each dip¬ 
ping, samples of the solution were taken. The mercury content 
of the solutions was determined by Mr. W. Jewell, Agricultural 
Research Chemist of the Victorian Department of Agriculture. 


Results .—The results are shown in Table 13 and are presented 
graphically in Text fig. 3.— 

Tabia 13. 
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the corms and the amount of soil on the conns. 
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Gilmore and Robinson (18) have pointed out a similar 
-variability when dipping potato tubers m corrosive sublimate. 
Because of this factor they developed a field method (19) for 
•determining the amount of corrosive sublimate necessary to 
replenish the solution. 

Unfortunately, no similar method could be developed for 
organic mercurials, as the analysis of these materials is essentially 

laboratory determination. 

It is realized that any general recommendations cannot l>e 
accurate, but if the dip is not used for more than three or four 
batches of conns the. error would not be of great practical 
importance. A calculation based on the graph of the results was 
made, and it was found that £ oz. of Hortosan D.P. should l>c 
added after dipping each batch of 500 corms in 10 gallons of a 
solution of 2 oz. of Hortosan D.P. per 10 gallons for fifteen 
minutes. 

Exposure of Corms to Volatile Fungicides. 

The first use of a volatile material against a fungal disease was 
in the control of Blue Mould (Peronospora tabaci) of tobacco 
(Angell et al fl)). Subsequently, other related compounds have 
been used (59). 

Various volatile materials were tested against the Botrytxs of 
gladiolus. In preliminary tests the materials were tested against 
the fungus itself, using a slight modification of the method 
described by Oserkowsky (42). The effect of promising materials 
•on healthy corms was then determined. 

Methods .—Potato dextrose agar was poured into sterile 4-in. 
petri dishes. Before the medium had set a sterile 1-in. petri dish 
lid was placed in the centre of the medium. The plates were then 
inoculated with Botrytis and incubated for five days. One ml. of 
the volatile material was then pipetted into the small petri dish 
The cultures were examined after 24, 48, and 72 hours and a 
small portion of the mycelium transferred to a potato dextrose 
agar slope The slopes were then incubated and examined for 
growth 

Results —The results are shown in Table 14-— 

Tablf 14 
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Fltnzol and toluene were therefore effective in killing the 
lungus after exposure for 24 hours Dioxan and paradtchlor- 
lunzcnt did not have any visible effect after exposure for 
hours After exposure for 72 hours both materials caused. 
flittcmng of the colonies but did not cause death of the fungus 

In determine the effect of exposure of gladiolus conns to 
Ikii/d 1 vapour six vorms of the variety, Mrs S A Errey, were 
(ntlosed m a closed tin with a layer of benzol at the bottom*, 
t cm 24 hoiiis Tht corms were then planted 

llu phnis produced showed distortion, and the flowers which 
developed wert stvcrel\ distorted On digging the plants, it was 
lound that the corms produced wtre abnormal in shape (Plate V, 

tig 10) 

I his method * f treatment did not show promise of success and 
exjKrmunts ot this t\pc were not continued 


11 mi oi l)u ( INC 

Species of Hotr\t\* hive luen frequently shown to he favored 
1>> tool humid conditions (2 25) It was therefore anticipated 
that if conus were dug lx foie the weather Ikh ime cool md humid 
they would possibly escii* tht disease 

Miss Hawker found tint nircissijs bulbs showed heavier losses 
due to Jlatrvtn nanism c la it low ( r modtnte rather thin higher 
unipcnturts 

\fithoih terms t f llu \ iricty Picardy were plmtcd in rows 
tontuning UXJ lorms I our n us were planted at each of three 
I ml nods stpirucd In i ni mth Thev were dug six weeks after 
llowt I 111^ 

Iht urnis were ilu.ii plutd on w ut netting stretchers \fter 
stoi igc fi i "i\ weeks the sc ilts wire removed from Mu corms 
md llu numlni cf infected conns determined 
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Therefore, by diming the conns early the disease was almost 
entirely avoided Unfortunately only rainfall data are available 
for the Kalorama district and no data on humidity or temperature 
was obtained A study of rainfall data for Kalorama in 1941 
showed that some ram fell on each of the four days after digging 
the early plants, but then no further ram fell for ten days 
\pj>arentlv these good drying conditions were unfavorable fm 
the disease 

\ study of rainfall data for Kalorama in the succeeding four 
seasons showed that if corms are dug before the second wick of 
Mtrch the rainfall is unlikely to be heavy following digging 
uid therefore there is little chance of infection MI conns dug 
liter should lie dipped 

Ihist obscr\ itions were confined to the Kalorama district uid 
iif general ncommendations ire possible 

\ \kii i \i Kf-sisr we i 

\nswers to inquiries nndt among groweis suggested that 
ccttiin virutus were itsistint to the disease Ihcrrfort an 
experiment was conducted in the 1940 41 season to deteimint the 
ulitivc susceptibility of \ inous vanities to the disuse 

Wtlhod* Hr lurnis wen planted in rows each containing 
100 conns I hen wen font rephe Uts of each variety and the 
plot wis hiil down is a rindonii/ed block The corms wen dug 
six wiiks ifttr flnwirmg and placed on wire netting stretchers 
m the s-imt rthtnt fmsition is the plots tti the held \fter 
st >i uri f i "is wuks the suits wire removed ind the percent ige 
( t infected i< rms determined 

/ w ilt I he texults in shown m I ihlc 16 
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tesistancc to tlu disease but Miss New 7ea!and wis signific mtl> 
nmit resistant than the either varieties and Pekgrini w is 
significantly mine resist mt than Red I or\ 



114 


G C Wade 


It is interefctmg to note that the foliage of Pelegnna was 
severely infected with the fungus and had almost completely died 
down before digging On the other hand Picardy showed some 
leaf spotting, but less than any other variety tested 

According to growers reports, King Lear, Elinora, Mrs b \ 
Errey, Blade Opal, Champlam, Don Bradman, and Rose Dawn 
are also resistant to the disease 


DIsoumIoil 

Botrytis conn rot is a disease which is favored by cool hunml 
conditions Growers can therefore avoid infection of the conns 
by planting early so that the conns are dug m the early autumn 
However as most growers desire to produce flowers for the cut 
flower trade in addition to corms, they prefer to plant portion of 
their btock at intervals throughout the season so that all their 
flowers are not produced at the one time Therefore they must 
have recourse to the other control measures described Apart 
from the hope that in the future a large number of resistant 
varieties nuy lie produced the knowledge that certain popular 
varieties at present grown are resistant will enable the grower t> 
avoid the expense of unnecessarily dipping these varieties 

I he results obtained with various dips applied at dipping time 
show that very good control may \ye obtained with Hortosan D P 
Slightly less effective control can be obt lined with corrosive sub 
limate plus Agral II ind with \rctin /etan also gives good 
control The higher degree of control obtained with Hortosan 
D P in the 1942-43 season than in the 1943 44 season may be 
due to the fact that the corms were dipped in muslin bags in the 
earlier season and in hessian bags in the latter Growers should 
preferably use muslin bags It must be stressed that the corms be 
well washed before dipping as many organic mercurials are 
inactivated by soil Dipping must be carried out as soon as 
possible after digging The suggestion for replenishing the 
Hortosan dip is tentative and growers should not use the 
replenished dip for more than three or four liatches of corms 

Observations suggest that the main method of overwintering of 
the disease is on infected corms These usually hear abundant 
sclerotes and as has l>een shown these germinate under certain 
conditions to produce conidia The conidia produced from this 
source would then infect flowers left in the field and as abundant 
conidia are rapidly produced on flowers a heavy spore lead would 
he rapidly huilt up Growers should therefore destroy infected 
corms by deep burial or by burning They should not leave 
unwanted flowers in the field hut should cut them and destroy 
them bv burning or burial 



Dotrytn Lorm Rot of tin (rladioiu\ llj 

OckkI storage conditions arc important and the maximum of 
ventilation should be provided I his is best achieved by using 
wire netting stretchers arranged on racks However it is felt 
that good storage conditions and attention to sanitation as recom¬ 
mended in the preceding paragraph will not eliminate the 
necessity for dipping but rather all these measures aie 
complimentary 
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Art VI .—Chonetidae from the Palaeozoic Rocks of Victoria and 
their Stratigraphical Significance. 

By EDMUND D. GILL, B.A., B.D. 

[Read 14th December, 1944; issued separately 10th December, 1945 1 

Summary. 

A survey is made of all the known Chonetidae from the Palaeozoic rocks 
of Victoria. Comments are made on species of Chonetes and Anoplia already 
described, and the following new species are erected— Chonetes bowieae 
C. proiluctotda, C. ktlhrenas, C psihplia , C ruddorhensts, C. laggertyensts, 
and C. (jaskini. The affinities of these forms with those found elsewhere 
are given, and their stratigraphical significance commented upon. A sub¬ 
division of the Yeringian Series is proposed 


Introduction* 

Fossils of the brachiopod family Chonetidae (the classification 
of the Fossihum Catalogus is adopted) are known in Victoria 
only from Silurian and Devonian rocks, and they belong to the 
two genera Chonetes (sensu stneto) and Anoplia. The following 
table summarizes our knowledge of the occurrence of this 
group;— 


Swim. 

Age 

Genus and Species. 

Buchan Beds 

Middle Devonian . ! 

Chonetrs australis McCoy 

Bindi Beds .. . 

Middle Devonian 

C anstrahs McCoy 

C gnsktn i, sp nov. 

Ycnnfian .. .. 

Lower Devonian (in 
part at least) 

C bowua* so nor. 

( tresswelli Chapman 

C Ai Uorennt. sp. nov. 

(. productoida, sp nov. 

C pniopha sp nov 

C roimjta Chapman 

C ruddockeusu, sp. nov 

C. tagprrtyensis, sp nov 

Anoplia australis Gill 

A withers* Gill 

Melbournian 

Lower Ludlow (in part 
at least) 

Chonetis mslbounsnsu Chapman 


The Devonian genera Eodevonaria and Chonostrophta have not 
been found in Victoria. Fig. 1 attempts to represent diagram- 
maticaUy the relationships of the various genera of the family 
Chonetidae, and of that family to the closely-related family 
Froductidae. 
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•am of tbe Chnwitfaiie end ProdnotMUe. Tbe rewritable p er eUtano e of Cbadfi u 
a icnne ebonld be noted. 
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DiMtmkm of the Genua Ohonetea, 

Class BRACHIOPODA Dumeril. 

Family CHONETIDAE Hall and Clarke, 1895. 

Genus Ohonetea Fischer de Waldheim, 1837. 

Gfnolkttotyp* Chonetes sp. Fischer C. variolcta D'Orbtgny, 1841 
as inte r pret e d by De Koninck, 1847 (quoted from FossiHum 
Catalogue). 

Ejymology uf Genkbic Name.—T he name of the genus is 
derived from the feminine Greek noun “ chone,” a funnel, but the 
form “ chonetes ” is masculine, and so strictly speaking all the 
trivial names should be masculine in agreement. Such they were 
made by many early writers, but feminine forms have been 
established by consistent recent usage, and it would be confusing 
now to change all the names. 

Diagnosis of the Genus. 

Inequivalve, equilateral chonetids, with a straight hinge-line, 
and a row of hollow spines along the ventral cardinal margin. 
Ventral valve convex; dorsal valve flat to concave. Interior 
ventral valve with two small teeth, unsupported by dental lamellae. 
Cardinal area narrow and smooth. Pedicle obsolescent as shown 
by closure of pedicle opening by a pseudo-deltidium. Muscle 
impressions non-dendritic. Surface usually covered with radiating 
striae or ribs; rarely smooth. Interior of shells commonly 
papillose in the pallial region. 

Phylogenetics. 

The genus Chonetes is a simple expression of the forms 
previously grouped in the large family Productidae. It 
is the stock from which the Upper Palaeozoic productids were 
evolved. Chonetes appeared in the late Ordovician whereas 
Productella did not appear till the Devonian. The genera 
Chonetes, Productella, and Productus are very similar, differing 
characteristically in their degree of spinosity. The spines were 
probably a means of attachment compensating for a deficient 
or obsolescent pedicle (Beecher, 1898, p. 351). They may be 
regarded as a mark of group gerontism. In his diagnosis of the 
genus Chonetes , Schuchert writes of the spines (1913, p. 389), 
a These are prolongations of tubes which penetrate obliquely the 
substance of the shell along the hinge-line." Practically all the 
Victorian species have their spines at right angles to the hinge¬ 
line, and in a number of cases it is known definitely that the 
tubes penetrated the shell substance at right angles and not 
obliquely- A number of species have been noted both in 
European (e.g„ C. margantacea) and American (e.g., C. setigero) 
deposits which have their spines set at right angles to the 
hinge-line. 
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One visualizes the Chonetidae arising from Strophotneruds of 
the type of Chonetoxdea and Sowerbyella, which are quite 
chonetoid in structure but lack spines Eochonetes (Reed, 1917) 
is a plectambonitm with spines Breger (1906) erected the sub¬ 
genus Eodezonana to accommodate the denticulate forms of 
Chonetes Dcnticulation is so important a feature phylogenetically 
that Schuchert and Le Vene (1929) justifiably accorded 
Eodsvonarta generic status 

Spines are the principal generic feature of Chonetes and are 
also of considerable vatue for specific determination Hall (1892) 
writes, u Their comparative strength or direction often furnishes 
means for specific determination but I have not been able to 
satisfy myself that the number of spines on the hinge-line is of 
specific importance" The investigation of the Victorian forms 

a ests that the number of spines is constant in a species As 
says, the nature of the spines is of specific importance For 
instance C robusta and C ktllarcnns have a somewhat similar 
outline and ornament and both possess a median sulcus but the 
spines of each species are very different In C robuUa they are 
long, thick, and straight whereas in C kdlarensts they are short, 
thin and sinuous Fvidently there was rapid variation in this 
specialization of the genus 

Classification 

De Koninck (1847) classified Chonete ? m his monograph 
according to the surface ornament, as follows — 

A surface omee de pin concent nque r I ConcentriLae 

plus de 100 cotes hues 2 Comatac 

moms de 100 mats plus de 30 cotes Inset* 3 Striatae 

de moms de 30 cotes lisses 4 Plicosae 

dc cotes rugueuscs 5 Rugosae 

In the light of later studies such a classification appears rather 
arbitrary and not based on genetic relationships, but Paeckelmann 
(1930) has created sub genera based on these divisions All the 
Victorian forms come within the class Striatae of De Koninck, 
le, the Chonete t wkk strxeto of Paeckelmann 

Grahau and Shuner (1909) have classified Chonetes 
according to the presence or absence of ornament, and the 
presence or absence of a sulcus, as follows — 

A Chonetes with radiating striae 

(a) Ventral valve with a median sulcus 
(fr) Ventral valve without a median sulcus 
B Smooth Chonetes 

Group A is further sub divided by Grabau and Shimer 
according to the number of spines carried on the ventral cardinal 
margin All the species described in this paper come within 
Group A C cresswelh , C robusta , and C k%Uarensxs come 
within the sub-section "a,” and the rest of the species *n 
sub-section " b” 
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Prendergast (1944) has recently dismissed Schuchert's 1913 
classification of productids based on means of attachment as 
" purely arbitrary/' arguing that it " makes no allowance for a 
similarity of external form due to growth under similar environ¬ 
mental conditions" (p 10) Inis view is expressed more 
specifically in the statement that “ Given the condition necessary 
for spine development, that is, a plentiful supplv of CaCO g( any 
species will probably develop spines in the same position in all 
its members The inclination of the spines to the body surface 
will depend upon the hardness of the sea-floor, arising at a high 
angle where the substratum is soft and being adherent where it is 
hard In modem lamelhbranchs the temperature of the water 
has a marked effect on the thickness of the shell, the Arctic 
forms having a thick shell and the warm water forms of the 
same species a shell thin almost to fragility The difference 
between the Irwin forms, thin with short spines of small bore and 
those from Mt Marmion thick shelled with heavy spines of 
raentothaerus subquadratus (Morns) is possibly due to the 
difference in temperature of the sea at the two localities ” 

From a consideration of Prcndergaut s statements the 
following points emerge — 

(1) Schucherts 19H classification is challenged but no 
mention made of his 1929 revised classification in the bossxhum 
Catalogus 

(2) Phenotypes result from interaction between genetic con 
stitution and envuonment Imagine, for instance a Lhottetes 
individual with genes for spines of a certain size and shape 
orientated to the shell in a certain way That such genes existed 
may be justly inferred from the fact that spines of a certain 
character are always found on individuals of the same species 
If the optimum amount of calcium salts (or the ability to 
assimilate them) for building such spines in such a way is not 
present, then spines will develop but not of the strength that 
would otherwise lie attained The whole exoskeleton will show 
signs of calcium starvation Paucity or plenty of calcium salts 
will not determine the absence or the presence of spines but their 
degree of development If calcium salts were absent altogether, 
there would be no exoskeleton and no shellfish If the calcium 
supply is low, then the whole exoskeleton will suffer by the shell 
being thin and the spines weak This is where Prendergast’s 
argument breaks down However abnormal the conditions be, 
the means of attachment of the shell, viz, the spines, will be 
present, and so available as an objective means for the classifica¬ 
tion of species, genera, &c 

(3) The means of attachment represent a line of rapid 
evolution for the group under discussion A prxon such lines of 
rapid evolution should constitute good bases for classification 
The wide variety in the nature of the spines in the numerous 
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species of Chonetes indicates that there must have been a high 
mutation rate operating Hie spines on the exoskeletons of some 
modem shells seem to have no biological significance They may 
be mutations which remain because they ate neither an advantage 
nor a disadvantage to the animal However the spines of the 
Chonetes Productus series appear to have played an important 
part by keeping the animal above the muddy sea floor where the 
water would be clearer and the supply of food more certain 
The group was a very successful one maintaining itself over a 
vast stretch of time and existing in prolific numbers The 
spinosity of these forms was apparently an important biological 
feature The series ended up with the Richthofenndae which 
lost the power to elevate themselves by spines and elevated them¬ 
selves above the sea floor by thickening the ventral valve until 
they looked like cyathophylloid corals 

(4) Prendergast s reference to forms lacking calcium because 
in warm tropical seas is not easy to follow Coral reefs are 
tremendous accretic ns of calcium and such shells as the big clams 
indicate the withdrawal from tropical and sub tropical seas of 
very large amounts of lime 1 he biggest and most extravagantly 
ornamented shells come from tropical seas Many extensive beds 
of limestone have been laid down in tropical waters These facts 
do not suggest paucity of calcium m tropical waters or lack of 
ability on the part of marine organisms in those areas to 
assimilate calcium 

(5) Schuchert s 1929 classification separates off the Chonetidae 
as a distinct family from the Productidae The difficulty in 
taxonomy is that no systematic classification fits perfectly the 
complex variations of nature itself The systematists task is to 
devise a classification which represents as closely as possible the 
known facts The early chonetids are closely allied to the 
Plectambomtnnae being distinguished from them chiefly by the 
presence of cardinal spines Similarly the later chonetids are 
very closely allied to the productids which are distinguished by 
their increased spinosity and dendritic muscle impressions The 
productids constitute a clearly defined group of an increasing 
number of genera aery widely distributed and most prolific 

Ihey produced the most numerous the most varied the most 
widespread and the largest brachiopods m the late Palaeozoic' 
(Raymond 1939) The chonetids likewise form a biologically 
distinct numerically targe and racially prolific group surviving 
in strength through the major part of the Palaeozoic (vide fig 1), 
and still maintaining its strength after giving me to the 
productids In my opinion furthermore the early chonetids are 
quite as closely allied to the Strophomemdae as the later chonetids 
are to the Productidae and therefore there are as adequate 
grounds for separating the chonetids from the productids as there 
are for separating the chonetids from the strophomenids I 
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therefore agree with Schuchert’s suggestion that they be repre¬ 
sented as two separate' families—the Chonetidae and the 
Productidae. 

Adaptations. 

Most of the species of Chonetes from Victoria are fairly thin- 
shelled forms, and usually there is a direct correlation between the 
weight of the shell and the strength of the spines. For example, 
C. ntelboumensis is a light form with fine spines, whereas C. 
robusta has heavier valves and stronger spines. The mechanics 
of these shells are very interesting. The spines are hollow, which 
affords strength with the lightness needed for a semi-floating 
organism; likewise corrugations of the shell give strength with 
lightness. The shells are usually flattish or concave, and so 
adapted to the semi-floating (i.e., not rigidly fixed) condition of 
an organism attached to a sub-stratum. The small space between 
the two valves indicates that the animal was slender, and so again 
adapted by its lightness to the particular place this genus had in 
the marine ecology of Palaeozoic times. 

Soke Characteristics of the Victorian Forms. 

Reference has already been made to the setting of the spines 
on our forms at right angles to the hinge-line. Chonetes maoria 
Allan from the Reefton (Lower Devonian) Beds of New Zealand 
also has its spines inserted at right angles as is to be seen on a 
specimen in tne National Museum, Melbourne. 

Three species described in this paper (C. robusta, C. cresswlli, 
and C. killarensis) have a well-defined mesial sulcus in the ventral 
valve. The biological advantage of this would be the increased 
area for muscle attachment; perhaps also the sulcus would have 
a similar action to a keel and help to keep the animal floating 
evenly. The same feature has been noted in C. variolata, C. 
verneuiliana, C. mesoloba, C. coronata, C. lepida, C. arcuata, C. 
mansuyi, and C. ningpoensis. Reed (1921) describes this feature 
in a variety of C. sarcinulata. In the Victorian forms the sinus 
is a constant character of the species named, whereas it is claimed 
to be present in C. acutiradiata only sometimes, and it is not found 
in all the specimens named C. maoria. A mesial sinus is common 
in the Productidae. 

Another feature of interest is the differentiated margin, such as 
found in C, taggertyensis, a similar phenomenon to which has 
been described in C. sarcinulata, C. maoria, C. coronata, and C. 
syrtalis. The structure is interesting phylogenetically in view of 
various modifications of the margin of the shell found in other 
Strophomenaceae, such as the deflected margin in Leptaena and 
StrophoneUa, variation in papillosity around the margin of the 
interior surface in Chonetes, variation in the external ornament 
around the margin of some species of Productus, and so on. 
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Notes on Species Previously Described. 

Chonetes (Chonetes) mh bourn en sis Chapman 
Chonetes mtlboumensxs Chapman, 1903 pp 74 76, pi XI, figs 2-4 

Type Material —Two syntypes National Museum, Reg No 
636, is the internal cast of- a ventral valve in micaceous bluish- 
grey, very fine-grained sandstone from “ South Yarra Improve¬ 
ment Works " N M , Reg No 1419, is the internal cast of a 
dorsal valve in hard, greyish-brown, very fine-grained sandstone 
from “ Sewerage tunnel near old Fishmarket ” 

Description oi Vfntrai Valve (No 636)—This is a 
decorticated shell, small, slightly convex, flat on cardinal 
margins, measuring 5 mm long and 8 5 mm wide The 
profile rises about 75 mm above the plane joining the anterior 
and posterior margins Surface with about 80 fine radiating 
striae with some six more or less evenly-spaced, slightly stronger 
radii The preservation does not allow of detailed examination 
of the fine striae, but where clearly discernible, increase is by 
bifurcation Cardinal area narrow cardinal angles a little more 
than right angles Beak distinct, but not large, projecting just 
beyond the hinge-line Elongate papillae present, orientated to 
the striae (Not realizing that he was dealing with a decorticated 
s pea men, Chapman described these impressions of papillae as 
pittings m the outer surface of the shell) Muscle scars in¬ 
distinguishable No spines preserved 

Description oi Dorsal Vaive (No 1419)—Small shell, 
very slightly concave, measuring 3 5 mm long, and 6 5 mm 
wide Surface covered with numerous poorly preserved 
fine radiating striae, some few being a little more pronounced than 
the rest, a dearly defined linear depression runs down the whole 
length of the centre of the shell Five long, very fine spines 
preserved from the ventral valve (two on one side of the umbo 
and three on the other), the longest being 2 5 mm 

Comment —Examination of specimens other than the syntypes 
shows that C melboumensts carries ten long, pointed spines, hve 
on each side of the umbo the spines are set at right angles to the 
hinge-line or curved outwards slightly Examination of a number 
of specimens also shows that the interiors of both valves are 
covered with fine papillae which arc elongate, set in the inter- 
striate spaces, and orientated to the direction of the striae Ihe 
external ornament appears also on the interiors of the valves, but 
less distinctly, and is absent where the muscle scars are welt 
developed 

In C melboumensts there is a stronger rib down the middle of 
the ventral valve and a corresponding linear depression on the 
dorsal valve This bipartition may be compared with the mesial 
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Ainus found in a number of species of Chonetes {vtdc p 131) 
Similar bipartition has been described in C novascottca (McLeam 
1924) and C aroostookensts (Clarke 1907) 

L melboumensts is a valuable index fossil but some care is 
necessary to ensure that specimens really do belong to this species 
The author has noted a variety of forms which have been referred 
m collections to this species but which do not conform to the 
type Extensive collecting and intensive study will have to be 
undertaken to separate out these various forms and accord them 
their proper status Sherrard and Keble (1937) recorded C 
melbournensis from New South Wales Mrs Sherrard kindly 
allowed me to examine these specimens However, they are 
possibly small stropheodontids and certainly not Chonetes Many 
stropheodontids simulate Chonttei eg otropheodonta bipartita 
(Chapman) from the Yermgian roots of Victoria Thomas 
(1937) has used C melboumensts as a zone fossil in the senes of 
sediments at Heathcote but this form is not Chonetes either 
if the specimens collected by Professor Hills from this horizon 
are the form to which Ihomas refers Like the New South 
Wales fossil it is devoid of spines and only simulates Chonetes 
in its general form and ornament The record of C melboumensts 
from \ubum and Balwyn near lemplestowe (Chapman 
1914 p 215) is also incorrect 

iffintttcs—t melboumensts is t mparable with C novascottca 
of the North American succession and C stnatella of the 
European succession C novascottca occurs in the Moydart 
(Lower Ludlow age) and the Stonehouse (Upper Ludlow age) 
of Ansaig Nova Scotia (McLeam 1924) and has also been 
recorded from the Missenden Bore in England (Straw 1932) 
McLearn says (p 65) that C novascottca differs from C 
stnatella in the development of a stronger median stria on the 
ventral valve which feature is also found in C melbournensis 
C novascottca has the same number of spines as C melboumensts 
but they arc minute whereas those of the latter species are as 
long as three quarters of the length of the shell The surface of 
C noiascottca has more numerous striae but forms with coarser 
ornament are known (MiLearn 1924 p 66) The striae are 
flexuous in C not ascotica but straight m C melbournensis These 
two species are distinct but closely approximate one another 
and provide another interesting connecting link between the 
faunas of this age in North America and Australia The spmes 
of C stnatella are heavy and short and set at an angle of about 
45° to the hinge line whereas those of C melboumensts are long 
and slender and set at right angles t( the hinge line The dorsal 
valve is definitely concave in C stnateUa whereas it is flat or 
almost so m C melboumensts C stnatella is characteristically 
larger and more transverse than the Victorian species However 
the obvious similarity is striking 
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Chonetes (Chonetes) robust a Chapman 
(PJ VIII, fig 5) 

Chonetes robusta Chapman 1903, pp 76-77, pi XII, fig 8 

Type Materiai —Two valves tn situ (holotype), National 
Museum, Reg No 1417, about half of ventral valve, and most of 
dorsal valve, in indurated fine-grained sandstone from 14 North of 
Lilydale ” (loc 3, vuie Gill, 1«0, p 258) 

Description —Concave convex dorso-ventrally, 19 mm wide 
(but this not full width as one cardinal angle broken), and 12 mm 
long Outline sub semicircular Shell tumid with mesial sinus and 
a slight flattening on the cardinal angles, longitudinal profile nses 
about 6 mm above the plane joining the anterior and posterior 
margins of the shell Hinge-line mostly absent, but little less 
than greatest width of shell owing to slightly obtuse cardinal 
angles About thirty six fairly sharp, high ribs (counted in 
middle of shell) some bifurcating anteriorly Other specimens 
suggest that four strong spines on each side of the umbo (eight 
in all) is the normal number The outer spine in the type 
specimen has a slight inclination outwards The dorsal valve of 
the type specimen follows fairly closely the contours of the 
ventral valve, the greatest distance of separation being 1 5 mm 
Similar ornamentation to that on the ventral valve is preserved 
The ornamentation continues through to the interior of both 
valves As is the case with practically all fossils from the Lily- 
dale district, only casts and moulds are preserved, the original 
shell material having been leached away 

Commfnt—T he study of specimens other than the type shows 
that the beak is inconspicuous scarcely projecting beyond the 
hinge line, the cardinal area is flat and well-developed, median 
septum short and narrow, teeth and muscle scar s not observed 
The number of ribs has been noted to vary from 24 to 36 C 
robusta is closely allied to C k%Ilarensts sp nov , and C cresswelh 
Chapman 

Occurrence —Besides the localities mentioned above, C robusta 
is known from "Wilson's" (loc 2), Hull-road, Mooroolbark 
(loc 11), and Syme's Tunnel KiHara (loc 34) 

Chonetes (Chonetes) cres&wbui Chapman 
Chonetes eresswellt Chapman, 1903 pp 77 78, pi XII, fig 7 

Type Material —Internal cast of ventral valve (holotype) m 
indurated mudstone from 41 North of Lilydale" (National 
Museum, Reg No 652) 

Description —Shell approximately semi-circular in outline, 
being 7* 5 mm long and 13 mm wide Ventral valve convex 
rising about 3 mm above the plane joining the anterior and 



Chonetidae from the Palaeotoic Rocks of Victoria 135 


posterior margins. Beak inconspicuous, scarcely projecting 
beyond hinge-line. Hinge-line straight and nearly equal to 
greatest wiath of shell. Cardinal angles approximately right 
angles. Teeth fine. Short, fine median septum 1‘5 mm. long. 
Very narrow cardinal area. Some 40 fine, rounded ribs radiate 
from umbo, bifurcations increasing number of ribs at margin to 
about 54. Other specimens show spines at right angles to the 
hinge-line; they are finer than those on C. robusta . Conspicuous 
mesial sinus present. Faint traces of concentric lines of growth 
observed. Spines on a specimen from Hull-road, Lilydale (loc. i) 
are figured (PI. VIII., ng. 5). 

’Hojkizon. —Yeringian (Lower Devonian). 

Comment. —This species is very closely related to C. robusta , 
the chief differences being (as Chapman remarked) in the alto- 

S ether stouter build and fewer radii in C. robusta. The ribs are 
ne and rounded in C. cressxvellx but high and sharp in C. robusta. 
Chapman also drew attention to the similarity between C. 
cresswelli and C. australis McCoy from the Middle Devonian 
rocks of Victoria. This is the more significant now in view of 
the much more closely approximated ages attributed to the Lily- 
dale and Buchan Beds. C. australis occurs in great numbers in 
the Buchan and similar limestones, but no Chonxtes has been 
found in the Cave Hill limestone beds at Lilydale. Brachiopods, 
except for Atrypa reticularis, are very rare at Cave Hill. 

There is a close similarity between the chonetids of Victoria 
and those of the Devonian rocks of French Indochina. The 
Devonian of New Zealand, Eastern Australia, and Indochina 
appear to constitute a well-defined zone. Attention has already 
been directed to the similarity between certain trilobites in this 
zone (Gill, 1944). Chonetes nongpoensis (Mansuy, 1919, pp. 26- 
27, Plate V„ fig. Aa f b) is very much like C. cresswelli Chapman. 
The general proportions of the shell are the same, the number 
of ornamenting ribs is about the same, and both have a well- 
marked mesial sinus, and short fine median septum. However, 
the ribs are rounded in C. cresswelli and raised and sharp in 
C. nongpoensis, as they are also in C. robusta which is a close 
variant of C. cresswelli. Unfortunately, the spines of C. 
nongpoensis are not known. As our knowledge stands at present, 
there is very little to separate C. cresswelli and C. nongpoensis. 
The specimens figured as C. hardrensis (Mansuy, 1921, Plate II„ 
figs. 5a-c), C. cf. margaritacca (Mansuy, 1916a, Plate I., fig. 11), 
C. indosinensis, C. lacroixi, C. lantenoisi, and C. cf. striatella 
(Mansuy, 1916b, Plate VII., figs. 5-8), C. seili, and C . mansuyi 
(Pattc, 1926) are comparable with our Victorian types. It is 
interesting to note the presence of a mesial sinus on some of these 
forms, and the orientation of the spines at right angles to the 
hinge-line, as in our species. C. lantenoisi and C. lacroixi have 
the long median septum noted in C. taggertyensis. 
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CHONETES (CHONETES) AUSTRALIS McCoy 
Chonetes austraus McCoy 1876 p 17 pi XXXV figs 3 5 

Unfortunately the National Museum is unaffle at present to 
locate the type specimen of C australis Further description of 
this form and comment are therefore withheld in the hope that 
the type may be found As the specimen concerned is prohably 
only misplaced and m t really lost it is not proposed to choose a 
lectotype 


Descriptions of New Speoies. 

Chonfits (Chonetes) bowilae sp nov 
(PI VIII hgs 1 and 2) 

Type Materiai —External cast and internal mould (syntypes) 
of a ventral vilve in indurated fawn shale from Syme s Quarry 
Killara presented n the University of Melbourne Geology De 
partment Museum (counterparts Reg Nos 1908 9) Collected 
by Mrs R Bowie after whom the species is named 

Description — Shell 17 mm long (measured in one plane) and 
19 mm wide at the widest part middle of the shell very tumid 
but practically flat cn the cardinal extremities Cardinal angles 
obtuse Hinge line straight and less than greatest width of shell 
Cardinal area flat full width of hinge line parallel to plane of 
shell and about 1 mm wide Light long evenly spaced spines 
fairly slender project from the cardinal margin at right angles to 
tlie hinge line longest spine preserved is 7 mm Beak projects 
a little beyond the hinge line Thin median septum about 4 mm 
long which is low at its anterior end where it rises from the floor 
of the shell and l>ecomes higher towards its posterior end 
Interior c f valve hnely papillose around cardinal extremities 
there are traces of papillosity elsewhere on the internal cast which 
suggests that the whole intent r of the valve was papillose The 
type specimen is crushed slightly by lateral pressure Teeth small 
and supported by dental lamellae almcst parallel with the hinge 
line Between 50 and 60 fine rounded ribs (counted at the 
anterior margin) radiate from the umbo increases by bifurcation 

Horizon —Yenngian (Lower Devonian) 

Comment —This species shares with C productotda and C 
taggertyensu ggpcral productid proportions It provides a fur 
ther link het^oen the faunules of Lxlydale and Killara On the 
piece of rock containing the internal cast there is also a specimen 
of PUurodictyum nugastomum Dun and on the piece containing 
the external mould a pygidium of Ltchai (Euargts) australis 
McCoy and Beynchta sp can be seen 

Occurrence —Syme s Quarry (loc 35) Seville Quarry (loc 
37) Melbourne Hill Lilyaale (loc 7) and doubtfully at Hull 
road Lilydale (loc 1) 
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Chgnbtes (Chonetes) t aqgert yen sis, sp nov 
(PI VIII, figs 6 and 8) 

Type Material —External cast and internal mould (syntvpes) 
of a ventral valve in highly indurated fine-grained grey sandstone 
from Blue Hills, Taggerty, collected by Professor £ S Hills and 
preserved m the University of Melbourne Geology Department 
Museum (counterparts, Reg Nos 1910,1911) 

Description —Shell 22 to 24 mm wide (one cardinal 
extremity is damaged and so an accurate measurement is 
not possible) 16 mm long profile rises 6 mm above 
the plane joining the anterior and posterior margins Valve 
very convex and flattened on the cardinal extremities 
(“ oreillettes ” of de Koninck) External mould shows 70 
to 80 fine nbs at the anterior margin, increases by bifurca¬ 
tion The ribs scarcely show on the internal cast except 
for a strip 3 to 4 mm wide round the anterior perimeter of the 
shell This is an area outside the phenomenally large muscle 
scars and is finely papillate, slightly heavier papillae occur on the 
oreillettes Large flabellate incised (ic, l&ised in the mould) 
diductors extend three-quarters length of shell, enclosing incised 
adductors 4 5 mm long Beak inconspicuous projecting just 
lieyond the cardinal line Cardinal area low at the extremities 
but rising to about 2 mm in the centre—very high for Chonetes 
1 eeth very strong Shell thick Median scutum strong and high 
at the cardinal end at least 6 5 mm long (between the cast and 
mould a little material has infiltrated and the septum may be 
longer than stated) There is the suggestion of a septum down 
almost the entire length of the shell In the other specimen 
figured (Reg No 1912, paratype Plate VIII, fig 6) the septum 
is seen to run practically the whole length of the big adductor 
scars No spines or spine bases can be distinguished on the type 
specimen, but in the associated specimen spine bases ere present 
The only difference between the type specimen and the other is 
that the latter is a little more transverse in proportions, and the 
muBcle scars are a little more deeply incised Both these varia¬ 
tions are known to occur with increasing age in Chonetes 

Horizon —Probably Yenngian (Lower Devonian) 

Occurrence —Blue Hills, Taggerty, Victoria Professor Hills 
(1929) mentions the collection of Chonetes sp from Taggerty, 
but the specimens figured herein were collected subsequently by 
him 

Comment —Chonetes taggertyensts has a number of affinities 
with C raranulata (SchlothewD as figured by de Koninck (1847) 
in PI XX, fig 15s There the same flabellate, incised muscle 

1061/45 -9 
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scars are seen with but faint trace of the ribs of the external 
ornament, a punctate margin is present showing more clearly the 
external ornament, and a very long median septum. The size of 
the muscles, the length of the septum, and the height of the 
ventral cardinal area are all phenomenal, and thus give more 
point to the comparison. However, the external ornament as 
described by de Koninck is quite different from that of our 
species, the ribs being many fewer in C. sarctnulata, practically 
all bifurcating, and doing so at about the same distance from the 
umbo. C. sarctnulata is one of the most characteristic fossils of 
the European Lower Devonian assemblage. C. maoria and C. 
nigricans (Allan, 1935; Shirley, 1938), from the New Zealand 
Lower Devonian, are of this same type, but the muscle area is 
smaller and the median septum shorter. However, a specimen of 
C. maoria in the National Museum, Melbourne, has a longer 
septum than that figured for the holotype. Allan says, “The 
general appearance of this species suggests such genera as 
Plcctambonites Pander, but it probably belongs to Chonttes 
The generic position of C. maoria is confirmed by the presence of 
one spine Inse and probably a second on the specimen in the 
National Museum, Melbourne. Like C. sarctnulata, the New 
Zealand species is highly papillose on the interior surface except 
on the muscle scars. From Allan’s figure, it appears that C. 
maoria has a mesial sinus like C. cresswclli and C. robusta. How¬ 
ever, this is not present in the Melbourne specimen, nor is the 
" anterior margin somewhat sharply bent to produce a Leptaenid- 
like appearance.” The latter may lie due to pressure in the rock 
matrix. 

C. taggertyensis is also like C. unkeltnsts (Dahmer, 1936,1937), 
which is from the Siegenian of Unkel, and belongs to the 
C. sarcinulata gens. 

Chonbtes (Chonetes) psilopua, sp. nov. 

<P1 VIII, fig. 15.) 

Type MArRWAL. —Holotype consisting of a ventral valve in 
bluish-grey mudstone from Killana collected bv Mr. F. Chapman, 
and lodged in the National Museum, Melbourne (Reg. No. 
14519). The fossil is probably from loc. 34 (Gill, 1944). 

Descrip riOK. —Valve 13 mm. wide, 6*5 mm. long, and height 
(distance profile rises above plane joining anterior and posterior 
margins) alraut 1*5 mm. The cardinal angles are approximately 
right angles so that the outline of the valve is not exactly semi¬ 
circular, hut tends towards the suh-rectangular; the radius of the 
valve is 7 ■ 5 mm half way between the cardinal angle and the centre 
of the posterior edge of the shell. Vatve somewhat flattened on the 
cardinal extremities and round the perimeter, forming a marginal 
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flange comparable with that in C. taggertyensis. The muscle scars 
are not distinct, but inside the flange referred to there is a raised 
area on the cast where the ornament is less distinct and this may 
well be interpreted as incised muscle scars on the original shell. 
The external ornament consists of between 70 and 80 fine, some¬ 
what sinuous, rounded ribs, increasing in number by bifurcation. 
Interior of valve finely papillate. Beak insignificant, not pro¬ 
jecting beyond the hinge-fine. Cardinal area about *5 mm. wide, 
smooth, and fairly regular in width. Two spines set at right angles 
to the hinge-line are preserved, but neither is complete; one 
fragment is '75 mm. long and the other 4 mm. These spines are 
very slender for a shell of this size—hence the trivial name. 
Impression of one tooth only (the other side is slightly broken 
away), and that is minute. Fine median septum l'/5 mm. long. 

Horizon. —Yeringian (Lower Devonian). 

Comment. —This species is of the C. sarcinulata type with large 
incised muscle scars giving a differentiated margin to the interior 
of the ventral valve. The shell is of altogether lighter construction 
than C. taggertyensis (with which it may be compared), and the 
median septum is proportionately very much shorter. The spines 
are notable. 

Chonetes (Chonetks) ruddockensis, sp. nov. 

(Pi. VIII., fig. 10.) 

Type Material. —Holotype, consisting of an internal cast of a 
ventral valve in indurated olive-grey mudstone from Ruddock's 
Quarry (loc. 20), presented to the University of Melbourne 
Geology Department Museum (Reg. No. 1914). 

Description. —Shell 7 mm. wide and 5*5 mm. long; longitudinal 
profile rises about 2 mm. above a line joining the anterior and 
posterior margins of the valve. Cardinal angles approximately 
right angles. Valve less convex on cardinal extremities. Beak 
insignificant. The two halves of the cardinal area form an angle 
of about 170°. 

Ribs as seen in internal cast linear and of rounded cross-section; 
fine pitting between ribs, Le., interior of valve finely papillose; 
about 40 ribs half way between anterior and posterior margins, 
and about 50 at the anterior margin; increase by bifurcation. 
What appears to be a linear median septum stretches nearly half 
way down the middle of the valve from the umbo. Cardinal 
area very narrow, and teeth not seen. Parts of two spines 
preserved on each side of the umbo; spines long and thin, set 
more or less at right angles to the hinge-line; longest spine 
present 3*5 mm. 

Horizon. —Yeringian (Lower Devonian). 
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Occurrence —In the Lilydale District the new species is 
known from Ruddock’s Quarry (loc 29, and from here the trivial 
name), Ruddock’s Comer (loc 21), Edward-road Hill (loc 22), 
West of Lilydale Cemetery (loc 23), Victona-road cutting (loc 
24), “ Devon Park ” West (loc 25), “Devon Park” North (loc 
26), North of Ruddock’s (loc 39) Manchester-road, Moorool- 
bark (large cutting north of station—a new locality), Smale’s 
Farm (on the west side of Edward-road, north of Ruddock’s— 
a new locality) It has also been collected from the Kmglake 
District from near Strath Creek ” by Professor E S Hills 
(Umv Geol Dept, Mus, Reg No 1916), a small Pleurodtctyum 
megastomum is present on the same piece of rock 

Comment —There is a good deal of variation in the group of 
shells at present included under C ruddoekensts The type 
specimen is sub quadrate in outline with 40 to 50 straight linear 
ribs Another specimen noted is transverse in outline, with 30 to 
40 stronger ribs which are somewhat sinuous Intermediate stages 
between the type and this latter specimen have been observed It 
is not clear yet how (if at all) this compact group should be sub 
divided but a detailed study of a large collection will no doubt 
solve the problem Chonetes ruddoekensts has affinities with 
C setxgera Hall, which has similar proportions ornament, and 
orientation of spines (at right angles to the hinge line) Our 
species has fewer and different spines Those of our species are 
remarkably long and slender, so much so that it is surprising 
that so many have been preserved The waters m which the 
enclosing sediments were laid down must have been fairly quiet 
an inference which may also be made from the fineness of those 
sediments One shell from Ruddock’s Quarry 4 5 mm long 
has preserved a spine 8 mm long, and it ends abruptly suggesting 
that it was even longer originally In the European facies C 
ruddocktnsts seems to find its affinities with C soror Barrande 

Chonetes (Chonetes) killarensis, sp nov 
(PI VIII fig 14) 

Type Matbriai —Internal cast of a ventral valve (holotype) 
in bluish-grey indurated mudstone from Svme’s Tunnel, KilJara 
(loc 34), presented to the University of Melbourne Geology 
Department Museum (Reg No 1915) 

Description —Shell 20 mm wide and 17 mm long, evenly 
tumid except for mesial sinus and a slight flattening on the 
cardinal angles, longitudinal profile rises 5 mm above the line 
joining the anterior and posterior margins of the shell Mesial 
sulcus about 1 mm deep, and about the width of five nbs 
Cardinal angles approximately 115° Cardinal area nearly straight, 
but the two halves of the line form a vertex at the umlx> Ribs 
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(on the internal cast) sharp and high, with bifurcations but no 
intercalations, number 34 half way between the anterior and the 
posterior margins, and 37 at the anterior margin, slight punctation 
between the nbs right in the cardinal angles Probably ten very 
short, fine, somewhat sinuous spines ranged along the cardinal 
margin, perpendicular to the hinge-line, most complete spine 
present 1 5 mm long Cardinal area very narrow Beak small, 
distinct, projecting slightly beyond the hinge line Median septum 
about 3 mm long not ending abruptly but tapering away on to 
the floor of the shell septum about l/6th mm wide leeth 
strong 

Horizon —Yenngian (Lower Devonian) 

Comment —This new species is comparable with C robutta 
which occurs m the same beds The spines are long, straight, 
and strong in C robusta, but short fine, and sinuous in C 
killarenm 

Occurrfncf —A form very similar to C ktllarensts occurs in 
the soft fawn mudstones of Melbourne Hill Lilydale (loc 7) 
1 he spines are of the same kind but the ribs are more numerous, 
and the mesial sinus very shallow However for the tune being 
it is included m this species In any case the fossil constitutes 
another interesting link between the beds at Killara and those at 
I ilydale 


CHONEThS (CHONEll'S) PRODUCTOlDV sp nOV 
(PI VIII figs 7 and 12) 

Iypf Material —Internal cast of a ventral valve (holotype) 
in indurated fine-grained, fawn sandstone from Lilydale, Vic¬ 
toria Collected by Reverend A W Cresswcll, M A, from 
‘North of Lilydale” (loc 3), and presented to the National 
Museum Melbourne (Reg No 14520) 

Description —Length of shell (measured m one plane and not 
following obesity of shell) 17 mm, and width 21 mm , longi¬ 
tudinal profile rises about / mm above a line joining the anterior 
and posterior margins of the shell Shell very tumid, but fairly 
flat on the cardinal margins, simulating productoid proportions— 
hence the trivial name Cardinal angles damaged, but probably 
slightly obtuse Hinge-line straight Ribs (on internal cast) 
sharp and high, but have the appearance of being worn off on the 
anterior part of the type specimen (compare other figured 
specimen, National Museum, Reg No 14521—hypotype), 
number 31 half way between the anterior and posterior margins, 
increases by bifurcation Umbonal area highly arched and over* 
hangs hinge-Une productid-fashion The spine bases present 
indicate eight strong spines along the cardinal margin, probablj 
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at right angles to the hinge-line. Cardinal area narrow. Median 
septum 3 mm. long, ending fairly abruptly; high, and about 
i mm. wide. Teeth strong. 

Hoeizon. —Yeringian (Lower Devonian). 

Comment. —This new species is very similar in external 
appearance to C. kemisphenca Hall of the Upper Helderberg in 
North America, from which it can be distinguished readily by its 
fewer ribs. C. produclotda is not merely the gerontic stage of C. 
robusta which also it closely resembles. Gerontic specimens of the 
latter are equally obese but do not have the high umbonal area and 
recurved beak of C. productoida. Moreover, C. robusta has a 
mesial sinus at all stages in its development, and the shell is not 
so flattened on the cardinal angles, it is interesting to note in 
this species (as also to certain extent in C. bowieae ) die attain¬ 
ment of a Productus-Ukt form. 

Chonetes (Chonetes) caskini, sp. nov. 

(PI VIII., fig. 9.) 

Type Material.— A ventral valve preserved in hard, bluish 
limestone from the scarp alone Old Hut Creek, Bindi District, 
Gippsland (see map, Gaskin, 1943). The species is named after 
Mr. A. J. Gaskin, who collected the type specimen, which is now 
in the University of Melbourne Geology Department Museum 
(Reg. No. 1913). 

Description. —Ventral valve 4 cm. wide; greatest length 
preserved in type specimen (which is incomplete) 2 cm.; but a 
complete valve would be longer; height (distance profile rises 
above plane joining anterior and posterior margins) about 
1-25 cm. Cardinal margin rises slightly at umbo, which is not 

( imminent. One spine only preserved on the cardinal margin, 
t is i cm. long, straight, slightly turned outwards, and possessing 
fine annulations (see photomicrograph, PI. VIII., fig, 11). The 
valve is flattened on the cardinal extremities. The external 
ornament consists of 40 ribs which are much stronger in the centre 
of the shell than they are on the cardinal margins. The ribs do 
not all commence at the umbo, some beginning at locations along 
the cardinal margin, the furthest out starting at a point 13 mm. 
from the umbo. The ribs in cross-section form low arches, and 
the interspace! are about equal in width to the ribs. 

Horizon. —Bindi Limestone (Middle Devonian). 

Comment. —This large new species is phenomena] for its 
possession of an annuiated spine. It is clearly not an artefact, nor 
is it a small annuiated shell like TentoculUes resting against the 
cardinal margin of the Chonetes. As far as the author is aware, 
an annuiated spine on a Chonetes has not been described before. 
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DlMUMion of the demur AnopUa. 

Family CHONETIDAE Hall and Clarke, 1895. 

Genua AnopUa Hall and Clarke, 1892. 

Genoholotypc 2- Lthtavmi tunicate Hall, 1857* 10th Rept. 
New York State Cabinet, p. 47 (quoted from Fatsilium Cotalogus). 

Etymology of Gbnekic Name.— Greek anoplos — unarmed. 

Diagnosis of Genus. —Small chonetoids possessing a smooth 
or almost smooth surface, but without spines on the ventral 
cardinal margin. Ventral median septum, terminating abruptly. 

Comment. —As far as the author is aware, only four species 
have been referred to this genus, viz.:— 

AnopUa nucleate (Hall) Lower and Middle Devonian—Oriskany of 
Ontario and New York. Amazon. Onodaga and Grand Gr&ve 
(Caley, 1940). Middle Devonian of Maryland. I-ower Devonian 
of Moselle (Dahmer, 1928, 1930). 

AnopHo hsldcrbcrgiac Schuchert. Lower Devonian—Helderberg 
Formation. 

Anoplia australis Gill. Lower Devonian of Victoria—Yeringiaii 
Series. 

Anoplia withtrsi Gill. Ditto. 

When Hall and Clarke erected the genus, the absence of spines 
was regarded as its chief feature—hence the name meaning 
“ unarmed.” However, A. helderbcrgiae was found to possess 
spines like Chonetes, but Schuchert (1913) has argued that 
tne genus is a good one to embrace “ the early smooth or slightly 
lamellose, highly convex, small chonetoids with a ventral median 
septum.” The ventral median septum is a common feature of 
Chonetes, and the Victorian forms of Anoplia at least are not 
highly convex. Smooth Choneles are also known. Thus, none 
of the features named by Schuchert can now be said to be 
characteristic of Anoplia alone. There seems to be no course left 
but to keep to the original definition of the genus as small, smooth 
chonetoids without spines, and refer A. helaerbergiae to Chonetes. 
It is interesting to note that smooth forms have arisen twice in 
the Chonetes line of evolution, viz.. Anoplta in the Lower 
Devonian, and smooth Chonetes (C. glaber) in the Upper 
Carboniferous. 

Anoplia possesses reversionary characters. The term "rever¬ 
sion ” is here used in distinction from the term " atavism,” and 
as defined by Crew (1925, p. 3). It may be assumed that the 
genus Chonetes “ degenerated ” in one direction to Anoplia, just 
as in another it " advanced ” to ProducteUa and Prodnctus. The 
reversionary characters are;— 

(1) Loss of ornament.—The surface of the shells is smooth in 
Anoplia, or almost so. Schuchert writes, " The smooth forms of 
Chonetes are not descendants of Anoplia, but are derived front 
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associated finely striated forms of the former genus 
Apparently both the smooth Chonetes and Anoplta arose from 
finely striated Chonetes but at different times Hall (1892 Plate 
15a fig 18) figures a specimen of A nucleata with faint ribbing 
which may be regarded as an indication of the ornament carried 
by its ancestors An example cf similar genetic interest is a 
specimen of A australis collected by Mr R B Withers in the 
Kmglake District (Hate VIII hg 4) 

(2) Loss of Spines—Hall and Clarke made this the chief 
diagnostic character c f their genus and it is indeed notable among 
a whole senes of spinose forms which were an important element 
in manne faunas for over 150 millun years It is notable also 
for the reason that the general tendency with the effluxion of 
time was for the increase and not decrease of spmosity 


NoteB on Speoies Previously Described 

AnuILIA AUS1RAI1S Gill 
Anoplia austrahs Gill 1942 pp 38 39 PI IV fig 8 

This species is very characteristic of the Ruddocks Quarry 
horizon of the type Yenngian Beds at I ilydale It occurs in 
great numbers at Ruddocks Quarry along with equally great 
numbers of Chonetes ruddockensts sp nov and Stropheodonta 
Inpartita (Chapman) On the other hand it is very rare in the 
highest lieds of the senes only one specimen having lieen 
collected for instance from Hull road Mooroolbark The 
Ruddock s Quarry honzon has been traced south to Mooroolbark 
where A australis has been collected from a large cutting on 
Manchester road north of the railway station 

The two subsidiary ridges in addition to the median septum are 
of interest m this species Certain parallels to these can be found 
in other genera For example bowerbyello gracilis Jones (1928 
p 473 Plate XXIV fig 22) possesses a similar complement of 
ndges also Chonetes cumbrensis Garwood (1931 p 148) 

1 urther Occurrences—In addition to localities previously 
named A austrahs has been collected from the quarry north of 
Symes Homestead Killara (loc 32) and from Jerusalem Creek 
(Geol Surv Vie Reg No 18218) 

Anoplia withfrsi Gill 
Anoplta wtherst Gil 1942 p 39 PI IV fig 7 

Usually A australis is the dominant form where both the 
Victorian species are present together An exception to this has 
been noted at Jerusalem Creek east of Eilaon Weir The 



Chonetuiac from the Palaeosoic Rocks of I tctona 145 


numbers given with the following new records of occurrence are 
registered numbers of the Geological Survey of Victoria — 

Nos 18222 and 18223—light fawny grey sandstone from 
70 chains S E of the junction of Jerusalem and 
Barnwell s Creeks Jamieson Q S 

Nos 18218 and 18227 from spur between Wilsons and 
Barnwell s Creeks 

Variations have been noticed in A withers* in the length of 
the septa jn the prominence of the beak and in the general 
outline of the shell 

Stratigraphies! Considerations. 

The earliest reference to chonetids in Vutoria is probably that 
made by Blandowski in 1855 when he figured some undestnbed 
fossils from the Mclvor Goldfield His plate c pposite page 223 r 
hg 359 is evidently a Chonetes 

Ihe named species of Victorian Chonetes were described by 
McCoy (1876) and Chapman (1903) To these the present 
writer has added two species of Anopha (1942) and the new 
species of Chonetes described in this paper These amount to 
fourteen chonetid species in all Material has been collected which 
indicates the presence of a number of further new species but 
the specimens are not good enough on which to found new 
species Hie Silurian and Devonian rocks of Victoria are rich in 
chonetids Some occur in gargantuan numbers eg Chonetes 
ruddocktnsxs C australis and Anoplta australis also to a less 
extent C mclboumensts C cressuclh and 1 withersi 

Subdivision of thf Yfringian Series in thf Type Area 

The Victorian chonetids are good index fossils C melbour 
nensis is strictly Melbournian C australis and C gaskini strictly 
limited to the Buchan and Bmdi Beds and the rest strictly 
Yenngtan flower Devonian) Divisions within the Yenngian 
Senes can oe satisfactorily made on the l>asis of these fossils 
and the following subdivision is proposed (for structure tide 
Gill 1942) — 

1 Lower Yerincian —to lie recognized by the presence 
of Chonetes ruddockensis Anopha australis and Stropheo 
donta bipartite (Jt has been noted that there is a 
Stropheodonta bipartita in the Devonian beds of North 
America (Swartz 1941) but it belongs to Leptostrophia 
which sub genus is now accorded generic rank As our V 
bipartita belongs to Stropheodonta sensu stneto there is no 
need to change the name) These are all prolific forms and 
their occurrence in strength may be always taken as an 
indication of the presence of this sub division 
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2 Upper Yeringian —to be recognized by the presence of 
Chonetes cresswelh, C robusta, ana C kttiartnsts 

These subdivisions are in keeping with what we know of the 
Yenngian faunules as a whole Of course, such subdivisions 
must be regarded as tentative in that further subdivisions will 
probably become possible as our knowledge of these beds and 
their faunules increases However, this distinction between 
Upper and Lower Yenngian will help considerably in the 
classification of strata elsewhere in relation to the type Lilydale 
beds For instance, the grey mudstone beds north of Tommy's 
Hut with plentiful 5 btparttfa, and the bluish indurated mud¬ 
stones of West kinglake with A australis the reddish mudstones 
of Yelhngbo with ? bipartita and C cf ruddockensts, the grey 
mudstones at Christmas Hills with S biparttta , and similar beds 
at ‘Two miles below Simmond's Bridge Hut on the Yarra,’' may 
all be classified as Lower Yenngian the bluish-grey mudstones 
at Killara (Iocs 34 and 35) may be classified as Upper Yenngian 
The strong affinities lietween C taqqertyensvs and the Upper 
Yenngian form C psxtopha suggests an Upper Yenngian 
classification for the beds m the Blue Hills in which C 
taggertycnsis occurs No Chonetes have yet been described from 
the Heathcote Beds but the collections made by Dr Thomas have 
not yet lieen studied 

LhoneUs ruddockensts and Stropheodonta bipartita are entirely 
absent from the Upper Yenngian beds of the Lilydale Distnct 
One specimen only of Anoplxa australis has been found at Hull- 
road Mooroolbark (loc 1J), and one only at North of Lilydale 
(loc 3), whereas both species are prolific in the Lower Yenngian 
As far as our knowledge goes, any of the three forms named as 
characteristic of the Lower Yenngian, if present in strength, 
may lie taken as indicative of a Lower Yenngian honzon The 
three forms given as characteristic of the Upper Yenngian have 
not been found outside those beds, so apparently any of the three 
species if present at all is an indication of that honzon 

Ruddock s Quarry (loc 20) is named as the type locality for 
the Lower Yenngian 1 he olive grey indurated mudstones (with 
occasional still harder sandstone bands) found there can be 
traced from Mooroolbark through the Ruddock's Quarry area 
(where pitch affects the strike), and north towards Yarra Glen 
Hull-road, Lilydale (loc 1), is named as the type locality for the 
Upper Yenngian There in whitish and reddish soft mudstones, 
C robusta and C crufswelh have been collected, and C ktllarensts 
occurs in the adjacent locality of Melbourne Hill, Lilydale 
(loc 7) 

The Jordanian Series —The next question is die relation of 
these forms to the Jordanian Senes (Gill, 1941) Except for a 
few ubiquitous forms, the faunas of the Melbournian and 
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Yeringian are mutually exclusive, although they are both of 
littoral facies. There would not be this faunal break if the two 
series constituted a continuum in time. There must be a time- 
break between the two series, and this is occupied by the 
Jordanian Series. This series (as known at present) is pelagic, 
out not just the pelagic facies of a part of tne Melbournian or 
Yeringian. Littoral forms are rare in the Jordanian, and so 
-chonetids are not to be expected. A brachial valve which may be 
a Chonetss (collected by Dr. I. Cookson at McMahon's Creek) is 
the only chonetid found so far in the series. 

The Melbournian beds contain graptolites of Lower Ludlow 
age (Jones, 1927). The Yeringian Beds are Lower Devonian 
(Gill, 1942), and may even extend up into the Middle Devonian 
(Ripper, 1938, Hill, 1939, 1943). Thus there is a lacuna of 
Upper Ludlow age, which must be the age of the Jordanian beds. 
A Posidonomya common at McMahon’s Creek (east of Warbur- 
ton) is very similar to P. eugyra from 6tage E. of Bohemia, 
which is equivalent to the Upper Ludlow. 

Correlation with Overseas Deposits. —There are interesting 
parallels between the Victorian chonetids and forms described 
from the classic series of Europe and North America; also from 
beds in Indochina. These may be summarized as follows:— 


StratLcraphfeal 
po*iHon In 
Victoria. 

Victorian 

Species. 

i 

Melbournian 

Chon wits mclboununn* 

Yernifun 

C prodwetoxd* 

Yenngfan 

C. CTMVMlt 1 

Yeringian 

C ruddockenn* 

Yeringian 

C. tiffjrrtytnji t 

YtriagUn . J 

AncpH s HJfniti 



It should be noted that the above comparisons are not all of 
equal value. C. melbourntnsis and C. novaseotica are very 
similar; so also are C. taggertyensis, C. tnaoria, and C. sorcinu- 
lata. On the other hand, the comparisons between C. ruddockonsis 
and C. sttigera, and between C. productoida and C. hemispherica, 
are based on striking likenesses in external form. In both the 
cases quoted the important internal characters are not known. 
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Further there is no great likeness between our species of Anoplta 
and A nucleate but an the genus is so rare in number of species 
there is no doubt significance m its presence 

The 1 ilydale Beds which constitute the type beds of the 
Yenngian Series are very thick Although the thickness already 
given on the evidence available (Gill 1942) will very likely he 
reduced as our knowledge of the structure is increased there 
nevertheless is certainly a great thickness of beds involved It is 
possible that the mudstones and sandstones of the Yenngian 
Senes cover the whole of Lower Devonian time but a great 
thickness of beds below the Ruddock s Quarry honzon is 
apparently quite unfossiliferous and the limits of tne senes have 
not yet been precisely defined The writer prefers to wait till 
the faunules of the Yenngian type area have been further worked 
out before drawing any dose correlations with the classic over 
seas series 
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Denorlption of Plate. 

Plats VIII. 

(No photographs arc retouched.) 

Fio. 1.— Ckonele,* boxmett, ap. nor., internal east of ventral valve (ayntype) x 2 epprox- 

Pio. 2 .—CkontUt bateiaae. ap. novt, external mould of ventral valve (ayntype) earn* 
ain approx. 

FiO- 3 .—Ckonetea productoidm, ap. nov, internal caat of ventral valve (bypotype) 
X 1.3 approx. 

Fio. 4— Anrplm, mufimHt Gill. Specimen from Kinglsh* abowinf ribbing (enlarged). 

Fio 5 —Spinra of Ckonetas cratrmelH Chapman Specimen from Hall-read, LOydalc* 

Fio, 6 —CkonrttM iaggtriytneu, ap nov , internal mat of ventral valve (peratype) 
X 3 approx. 

Fio 7 —CkemmUs prpduetMda, «p. nov , internal caat of ventral valve (teletype) X 1*5 
approx. 

Fio S —CterVi taggertyanats, ap. nor , internal caat of ventral valve (ayntype) X ? 
approx. 

Fio 9.—CbonrtM awMii, ap npvrt ventral valve (teletype), aaast nt, Note spine. 

Fio. 10 —Ckemctas ruddacknute, ap. nov., internal caat of ventral valve (teletype) X 4 
approx. Note spine. 

Fio 11 —Photomicrograph of apine of Ckonetfs gatktm, sp. nov. (vide fig. 9). Note 
annotation w h m spina jotnti nbefl, and a aeries of annulations at tbs outer 
end 

Fio 12 .—Ckoneiet prodncUid*, ap, nov.. Internal cast of ventral valve (bolotype) 
■bowing spine bases and median septum. 

Fio. IJ —Chentias ta ggertyeneU, ap. nov , external mould (ayntype) thawing external 
ornament, X 2 approx. 

FiO. 14 .—Ckeautas fcUlerciuu, sp. nov., Internal east of ventral valve (teletype) X 2 
approx. 

Fio. 13 .—Chenetas patlopltg, sp, nov., Internal east of ventral valve (teletype) X 4 
approx. 
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Abstract 

The glauconitic sandstone formation that occurs at depth in the Tertiary 
strata of East Gippslaod Victoria consists of grains of altered glauconite 
in a telepathic sandstone which has a cement of glauconitic mud The 
glauconite grains are largely derived from the alteration of biotite flakes 
They often show open shrinkage cracks that developed at an early stage of 
htluflcation Much of the glauconite is altered to a ferruginous day like 
substance The alteration occ ur r e d during deposition and prior to 1 thiflca 
tion and is not a weathering effect although it resembles the alteration of 
glauconite caused by weathering 

The air dried rock shows abnormally high porosity and low permeability 
Impregnation of the rock with coloured Canada balsam reveals that the 
natural cement of the rock is highly porous in an air dried state the pore 
spaces being of capillary dimensions The high porosity appears to have 
been induced by air drying of the rock and may not be a feature of the 
rock tit nf« 


Introduction 

The petrphferous glauconitic sandstone that occurs in the 
Lakes Entrance district of Gippsland has been described brief)} 
by Crespin (1943 p 12) In this note it is proposed to elaborate 
several features of petrological interest exhibited by this rock 

The glauconitic sandstone occurs at or near the base of the 
Tertiary strata in this part of Victoria above a bedrock of 
granitic and metamorphic rocks In places it rests directly on 
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the bedrock, but mostly it is separated from it by a thickness 
of from 20 to 200 feet of Tertiary sediments. The glauconitic 
sandstone does not outcrop. Its limits have been defined by 
drilling (fig. 1). It extends from Lake Bunga in the east to 
Eagle's Point in the west, a distance of about 20 miles, and from 
the coastline northwards (inland) for a distance of from 3 to 
5 miles. Its south-western limit is between Rigby Island and 
Sperm Whale Head. The sandstone is oil-bearing over an area 
of alwut 8 square miles in the vicinity of Lakes Entrance. 



The glauconitic sandstone lies at a depth of from 960 to 1,416 
feet below sea-level, the depth increasing towards the south or 
south-east at alxtut 1 in 4u0. It has an average thickness of 
about 30 feet in the 40 bores that have intersected it. The 
maximum thickness recorded in any bore is 60 feet, in the No. 2 
]>ore of the lakes Entrance Development Co., near Lake Bunga 
in the parish of Colquhoun. 

Crespin (1943) classifies the glauconitic sandstone as the lower 
lithological unit in the Janiukian stage of the Middle Miocene 
in Gippsland. It overlies Miocene strata of the Anglesean stage, 
and passes upwards into sandy micaceous marls which contain 
grains of glauconite in their lower beds. 

A petrological examination of specimens from the core of the 
No. 10 Government bore at Lakes Entrance has been issued by 
Dr. F. L. Stillwell, under the title “Glauconitic Sandstone from 



Glauconitic Sandstone, East Gipfsland. 155 

I 

No. 10 bore, Lakes Entrance ", as Mineragnphic Report No. 306, 
of the Council for Scientific and Industrial Research- This 
examination was made at the request of Dr. H. G. Raggatt, 
Director of the Mineral Resource* Survey. Porosity measure¬ 
ments made by Mr. R. F. Thyer, of tne Mineral Resources 
Survey, on dried specimens from this core had given porosities 
as high as 35 per cent., which is much in excess of that recorded 
for most oil sands, while permeability measurements on the same 
specimens had shown them to have low permeability. The 
petrological examination was sought in the hope that it might 
provide some explanation of this anomaly, but only a partial 
explanation was arrived at. 

This, and other peculiar features of the glauconitic sandstone 
revealed by this examination, indicated that a more extensive 
petrological study of the formation as a whole was justified. 
To this end material from all the available cores of other 
Government and private bores was examined. This material was 
made available by the kindness of Mr. W. Baragwanath, then 
Director of the Geological Survey of Victoria. 

My thanks are also due to Dr. M. Glaessner, Dr. W. D. 
Osborne, Mr. J. Montgomery, and Professor E. S. Hills, for 
helpful criticism of the manuscript. The original petrological 
examination (Mineragraphic Report No. 306} was made in 
collaboration with Dr. F. L. Stillwell. 


Petrology. 

In the hand specimen, the glauconitic sandstone is brownish- 
green to brown, and uniformly fine-grained, except for occasional 
rounded grains of iron-stained quartz, or quartzite, a millimetre 
or more in diameter. Occasionally these coarser grains are 
sufficiently numerous to give the rock a grit-like appearance over 
a thickness of about halt an inch. A freshly brokdti surface is 
minutely pitted owinjg to the breaking out of the glauconite 
grains from the matrix. The grains that remain in the surface 
look like minute pellets of limonite. Some specimens contain 
sparsely distributed shells, such as Turritelloids, 1 to 2 cm. long. 
These are generally filled with glauconitic sandstone, though a 
very occasional shell may be only partly filled. 

Thin sections were prepared of representative samples of the 
sandstone from the eleven available bor» cores of the bores that 
have encountered this formation. They are Government bores 
Nos. 3, 4, 5, 6, 7, 8, 10, 11, and Lakes Entrance Development 
Co. No. 2 bore, all in the parish of Colquhoun, Point Adais Co. 
No. 1 bore, ana Gippsland Oil Co. No. 3 bore, in the parish of 
lwi/is.—10 
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Bumberrah These eleven bores are so spaced as to cover most 
of the extent of the glauconitic standstone formation (fig 1) 
Trom most of these cores two samples some feet apart were 
sectioned but from No 10 Government bore pansh of 
Colquhoun ten sections were cut representing the horizons at 
1 261 63 feet 1 265 67 feet 1 267 70 feet 1 270 72 feet 1 275 76 
feet 1 277 78 feet 1,291 94 feet and 1 294 1 300 feet The 
close similaritv lietween all the specimens sectioned leaves little 
doubt that they give a true picture of the composition of the 
sandstone formation 


Some of the bore cores had been air dried liefore they were 
received others had been stored in sealed tins Some had been 
drilled dry and the drill cores were too hot to hold in the hand 
when raised others had been drilled wet and were not heated 
unduly by tile drilling The differences in drilling practice and 
storage do not appear to have affected the stale of the glauconite 
or the structures of the rock 


The specimens with one exception were too friable to section 
without previous impregnation Since glauconite undergoes 
dehydration when heated above 70°C (Ross 1926 Takahishi 
1939) care w is taken not to heat them unduly 1 he specimens 
were soaked in i thin cold solution of Canada balsam in xylol 
ind dried in an -nr (ven at 30°C The cemented material was 
then mounted md sectioned in the usual wav With some 
sections it w is necessary to coat the ground surface with the 
lialsam wlol solution and dry at 30°C seveial times before a 
smooth surfue suitable for mounting tould be obtained the 
same process had *o be repeated during the final stages of gnnd 
mg some of the thin sections Wet specimens were dried for 
24 hours at 30°C in the an oven prior U impregnation 


The thin sections reveal that the specimens from the different 
bores and from different horizons in tht same h re are closely 
similar in mineral composition and texture hut vary slightly in 
the proportion of the various constituents They consist of 
numerous smooth surfaced oval and sub angular grains of 
glauconite dispersed through a fine grained felspathic sandstone 
which consists of quartz orthoclase oligoclase and abundant 
hiotite with minor amounts of muscovite pynte iron oxides 
leucoxene tourmaline zircon apatite and in places a carbonate 
mineral cemented together by a greenish to greenish yellow 
isotropic substance presumably a glauconitic mud In some 
sections this glauconitic mud is largely replaced by the carbonate 
mineral which is presumably dolomitic since it is not stained 
by treatment with silver nitrate and potassium chromate 
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Occasional tests of foranunifera (consisting of talcite) are 
usually present generally with a filling of green glauconitic 
materia) 

1 he quartz and felspar occur chiefly as angulai to suli angular 
grains from 0 1x01 mm to 0 05 x 0 05 mm m size in 
some sections the majority of the grams are water worn In 
addition there is in every section a few coarser limomte coated 
and well rounded fragments of quartzite quartz or felspai a 
millimetre or more in diameter Jispersea through the hne 
grained rock In some sections there are also occasional well 
rounded pellets of hne grained mudstone more or less 
glaucomtized of about the same dimensions (Plate IX fig 7) 
These may be of coprolitic origin Many of the numerous biotite 
flakes are slightly chlontized or glaucomtized (hey vary in 
size from 0 3x01 mm to 0 1 x 0 05 mm 

These together with the less common minerals are set in an 
amorphous or cryptoc rystalline greenish to yellowish susbtance 
which occurs as films of cement between die individual grains 
where they are closely packed (Plate IX figs 1 and 2) and 
a c a base through which they are studded m sections in which 
they are widely spaced In some sections the width of the green 
cement separating the individual grains is as much as 0 05 mm 
The material appears to be a glauconitic mud and generally 
forms the filling of the tests of Toraminifera m the rock 


I he proportion of caibonate vanes greatly from section to 
section In some it occurs only as the tests of the occasional 
shells and foranunifera hut in others it is an abundant 
constituent of the matrix of the rock largel) replacing the grten 
base In several of these sections it occurs chiefly as well formed 
and slightly iron stained rhorabohedra of dolomite about 0 05 x 
0 03 mm either as isolated crystals or in clusters This well 
crystallized dolomite is presumably of diagenetic origin 


i ii f Glujconitl 

1 he glauconite grains are occasionally 1 0 mm across but are 
general!) between 0 5 x 0 3 mm and 0 2 x 0 2 nun borne of 
Sit grains are green or greenish )ellow but the majority of grains 
are \ellow yellowish brown or reddish brown and some closely 
resemble limomte in appearance indicating that they are altered 
forms of normal green glauconite comparable with the alteration 
products of glauconite described by Gildersleeves (1932) from 
the weathered Focene greensands of Virginia and Mar)hnd 
USA 
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Some of the altered glauconite grains are zoned, the outer zone 
being generally darker than the core, though some show a 
narrow fringe of greenish-yellow material around the brown 
zones. In some sections a number of the grains have a green 
or greenish-yellow core with a yellow or brown margin. 

Many of the grains have smooth, rounded surfaces, and some 
have a smooth, mammillated surface. Others are angular to 
sub-angular. Some of the rounded grains are nearly circular, 
but the majority are oval. Occasional grains contain inclusions 
of quartz that are finer-grained than the quartz of the sandstone. 

Many of the glauconite grains reveal evidence of shrinkage. 
Sometimes the shrinkage cracks extend more or less radially 
into the grains (Plate IX., fig. 3). Many of the grains have 
shrunk away from the enclosing matrix (Plate IX., fig. 1) or 
from a narrow rim of glauconite strongly cemented to the matrix. 
Some zoned grains snow shrinkage cracks at the margin of 
successive zones. These shrinkage cracks appear to be similar 
to the fractures in weathered glauconite figured by Gildersleeves 
(1932). For some grains, the shrinkage cracks may constitute 
as much as 30-40 per cent, by volume of the grain. 

The shrinkage cracks are an original structure of the glauconite, 
and are not due to heating during drilling, or drying out of the 
specimens. This is proved by the fact that, in several sections, 
grains of altered glauconite occur in which shrinkage cracks have 
developed, but have been infilled with the green or greenish-yellow 
material that forms the cement between the grains of the sand¬ 
stone (Plate IX., Fig. 2). The pattern of the shrinkage cracks 
(Plate IX., fig. 2) leaves little doubt that they arise from the 
drying out of an originally gelatinous substance. Similar shrinkage 
cracks, though not so strongly developed, characterize many grains 
of unaltered green glauconite found at higher horizons m the 
Gippsland bores. 

The shrinkage probably occurred during lithification. Glauconite 
grains which have shrunk away from the enclosing matrix (Plate 
IX., fig. 1) or from a narrow rim of the grain strongly cemented 
to the matrix, could only have done so after the rode was more 
or less consolidated. Where the cracks have been infilled with 
glauconitic mud, either the shrinkage cracks occurred at an early 
stage of lithification and the glauconitic mud was squeezed into 
the opening or carried in by connate waters, or the glauconitic 
mud entered cracks which had developed during deposition. In 
sections with abundant carbonate, the carbonate rarely, if ever, 
occurs In the shrinkage cracks of the glauconite grains, though 
in such sections the cracks are often filled with green glauconitic 
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mud. Since the Carbonate it probably diagenetie in Origin, the 
filling of the shrinkage cracks, and hence their formation must 
have taken place either at an early stage of lithification or during 
deposition. The latter seems unlikely because the fractured parts 
of grains so broken by shrinkage cracks would readily have 
separated. 

Formation op the Glauconite. 

As noted by Crespin (1943, p. 33), much of the glauconite 
appears to have formed from the alteration of biotite in the 
manner described by Galliher (19351. All stages of the transi¬ 
tion from biotite to glauconite can be seen in the thin sections. 
The biotite first swelled in a direction at right angles to its 
cleavage planes. Commonly the swelling was greater on one side 
of the flake than on the other, so that the swollen flake became 
curved (Plate IX., fig. 41. Where this unequal swelling was 
pronounced, the biotite flake became fan-shaped, the cleavage 
traces corresponding to the ribs of the fan (Plate IX., fig. 5). 
In this expanded state, the biotite retains its pleochroism and 
colour. Takahashi (1939, p. 506) indicated that the swelling is 
caused by hydration of the biotite, which leaves it in a gelatinous 
state. 

At this stage glauconite developed along the cleavage planes 
so that the biotite became parti-coloured brown lamellae alternat¬ 
ing with green (fig. 8); the glauconite spread laterally into the 
biotite until the whole of the expanded flake was converted to 
glauconite, in which faint traces of the biotite cleavage still 
remain (Plate IX., fig. 6). During this transition, the lamellae 
of biotite between successive cleavage planes sometimes splayed 
apart, and when the splayed margins became slightly rounded, 
they gave the glauconite a mammillated outline (Plate IX.. fig 1) 
that might be mistaken for the cast of a foraminifera. As the 
gelatinous glauconite dried, it shrank, developing rounded edges 
and shrinkage cracks. 

The well-rounded outlines of many of the glauconite grains, 
and of some of the expanded biotite flakes, contrast strongly 
with the distinctly angular form of many other grains of 
glauconite and expanded biotite (Plate IX., fig. 1). The rounding 
may be due to attrition during deposition or, more probably, as 
Galliher (1935) suggests, to passage through the intestines of 
worms while in a gelatinous condition. 

The zoned character of some of these grams in their altered 
state is presumably due to the inward progression of alteration 
rather than to any original zonal structure on the glauconite 
grains. 
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The biotite flakes in their unaltered state are about 0 3x01 
nun or smaller On expansion the length of 0 3 mm remains 
unchanged but the width of 0 1 mm increases to 0 5 mm and 
occasionally even to 1 0 mm This accounts for the distinctly 
larger gram size of the glauconite grains as compared with most 
of the other mineral constituents of the sandstone Prior to the 
hydration of the biotite and apart from the occasional well 
rounded coarse grains of quartzite and pellets of mudstone the 
detntal grains were well sorted The size distribution of the 
grains appears to agree with that figured by Takahashi (1939 
p Ml) for typical glauconite sandstones The presence of the 
occasional well rounded coarse grains is probably due to the 
fact that they would roll more readily under the action of 
relatively weak currents or wave movements than angular particles 
of the same size 

A small proporticn of the glauconite grams have formed not 
from biotite but by the impregnation with glauconite of the 
mudstone pellets that occur sparsely through the rocks The 
grams so derived can be distinguished even when highly altered 
because the) contain inclusions of small fragments of quartz 
distinctly smaller than most of the quartz grains in the 
groundmass (Plate IX fig 8) 

Alteration of the Giauconite 

The alteration of the glauconite occurred either pnor to or 
during hthification In some sections (Bore No 5 parish of 
Colquhoun) normal green and altered brown glauconite with 
all intermediate stages occur in the same section The altered 
glauconite grams are sometimes rimmed by a thin margin of 
greenish glauconite and the shrinkage cracks in the altered 
glauconite are filled with green or greenish yellow glauconite 
mud 

A small relatively pure sample of the altered glauconite 
containing some adherent quartz was prepared by crushing the 
rock from No 10 Government bore parish of Colquhoun with 
i rolling pm so as not to break the glauconite grains unduly and 
then separating tljf ghuconite from the bulk of the other minerals 
m the rock by stfmnsu. n in bromoforra of Specific Gravity 2 85 
The glauconite rich product obtained was then screened through 
a 60 mesh sieve The material retained on the sieve consisted 
essentially of glauconite grains with a little adhering quartz An 
analysis of this sample gave the composition shown m Table 1 
Analysis Nq 1 For glauconite to alter to a substance of this 
composition the silica potash and soda of the original mineral 
(compare Analyses Nos 3 and 4) must have Iwen replaced 
extensively by ferric oxide Most observers (Collet and Lee 
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1905 Cayeux 1916 Milner 1940) agree that glauconite is an 
unstable mineral which readily alters to limomte or ferruginous 
clay if exposed to oxidising conditions so that this is a normal 
change for glauconite to undergo 

Such a change could have been brought almut by weathenng 
by the action of iron bearing solutions during hthification t r 
during deposition The films of oxide on the occasional coarse 
rounded grains of quartzite might be regarded as evidence of the 
passage of oxidizing iron bearing water through the rock hut 
weathering or alteration during lithification seem t> be ruled 
out because the green glauconitic mud that forms the cement of 
the rock and fills the shrinkage cracks in the altered grains is 
generally unaltered The association of grains of green and 
brown glauconite in the same section and the relatively 
unoxidized state of the pynte grams in the rock is further 
evidence supporting this conclusion The fact that there is no 
concentration of alteration along the margins of shrinkage tracks 
shows that the alteration took place prior to shrinkage and while 
the material was still gelatinous 

Table 1 — Com •osition or Altskfd and Nokmai Glauconite 
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1 Altered glauconite (with some quartz) from the Miocene glaucontf 

sandstone Bore No 10 parish of Colquboun Gippsland Analyst 
A B Edwards 

2 Decomposed glauconite from recent marine deposits (quoted by Collet 

and Lee Proc Roy Soc Edin 1905 vol 26 pp 238-278) from 
Murray and Renara, Deep Sem Deposits Challenger Report 1891) 

3 Average of four analysts of recent glauconites collected by the 

Challenger expedition (Twenhofel Treatise on Sedimentation 193? 
P 456) 

4 Purified glauconite from Cretaceous of New Jersey (Ibid ) 
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It seems probable, therefore, that this glauconite was altered 
to limonite or ferruginous clay during its deposition. Glauconite 
forming in die present oceans u sometimes subject' to 
just such alteration, under conditions that are not yet defined 
(Collet and Lee, 1905). Comparison of Analysis No, 2 of Table 
1 with Analysis No, 1 shows how closely such altered glauconite 
in deep sea deposits now forming can resemble the altered 
glauconite of this Miocene sandstone. 

Collet and Lee have also shown that a brown ferruginous clay 
develops as a midstage in the formation of glauconite frofn 
pellets of grey clay, the green colour of the glauconite appearing 
only when potassium is introduced into the ferruginous clay. 
While this might apply to the brown glauconite developed from 
the mudstone pellets, it cannot be true for most of the altered 
glauconite, which was formed from biotite, because Galliher 

i l935) found no trace of such an intermediate stage in present¬ 
ly glauconite forming directly from biotite. 

Permeability and Porosity. 

The permeability of the glauconitic sandstone was first 
measured by Croll (1939) who used material from the No. 1 
Government bore, parish of Colquhoun, the No. 2 bore of the 
Lakes Entrance Development Co., and the No. 1 Kalinina bore. 
He obtained an average permeability of 223 millidarcies along 
the bedding, and of 15 millidarcies across the bedding. Individual 
measurements ranged from 5 millidarcies to 450 millidarcies. 
Thyer’s unpublished measurements for the No. 10 bore indicate* 
a lower permeability, with no consistent difference in directions 
parallel to and transverse to the bedding. 

The appearance of the glauconitic sandstone in thin section 
throws little light on the variahle permeability, and fails to 
account for the unusally high porosity of the dried rock.’ A 
piece of the air-dried core of No. 11 bore, parish of Colduhoun, 
was ground to a block measuring 7-5 x 6-0 x 6-0 cm. This was 
immersed in distilled water. Innumerable minute bubbles 
developed on the surface of the block, and showed only a very 
slight enlargement in size, until they escaped from the surface 
after one or more days, without other bubbles forming in their 
place. From three or four points, however, strong persistent 
streams of minute bubbles issued, several hundred bubbles being 
emitted per minute by each stream. These streams of bubbles 
continued for about two and a half hours. The bubbles from 
two such streams were trapped in inverted test tubes filled lyith 
water, from which it was found that the volumes of air emitted 
by the bubble streams amounted to 8 c.c. for one stream and 
nearly 10 c.c. for the other. 
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' This feature of the emission of persistent streams of bubbles 
at one or two points was noted in practically all the specimens 
immersed in xylol-canada balsam solutions. In some instances, 
air from connected channelwayB issued kt two points on the 
same specimen, and filling of tne pores with solution led to the 
sudden cessation of one stream of bubbles, with a simultaneous 
„ increased emission in the other stream. This, coupled with the 
practical absence of bubble emission over large areas of the 
specimens, indicates that the larger open spaces in the rock tend 
to be localized, and so explains the great variability in perme¬ 
ability noted by Croll and Thyer. It was also noted, in the case 
of the large block of rock referred to above, that the bubble 
streams issued from faces at right angles to the bedding of the 
rock, rather than from faces parallel to the bedding, suggesting 
that, as Croll found, there may in some specimens be a somewhat 
greater permeability parallel to the bedding than across it. 

The absorption ratio of this block of rock, after immersion 
for seven days, followed by drying for six hours at 105°C., and 
for a further three days in a sulphuric add dessicator at room 
temperatures, was 17-8 per cent. Repetition gave a practically 
identical result. The specific gravity of the powdered rock from 
which the block was cut was 1-8, so that the apparent porosity 
of the block was approximately 32 per cent., which is of tne same 
order as Thyer’s more accurate measurements. 

The absorption ratios measured in the same way on air-dried 
specimens from three other bore cores, namely No. 5 bore 
(1,238-43 feet), No. 8 bore (1,055 feet), and No. 10 bore 
(1,270-72 feet) were 10-5 per cent., 16-5 per cent, and 17*2 
per cent, respectively, corresponding to apparent porosities of 
about 18 per cent., 29 per cent., and 31 per cent. 

These high absorption ratios may be a measure of the pore 
space of the rock, or they may represent the capacity of the 
glauconitic mud cement to absorb water. If they measure the 
pore space of the rock, then since there are no obvious cavities 
or open spaces of this volume present, then such pore space can 
be accounted for only as due either to incomplete compaction 
allowing the existence of submicroscopic openings along the grain 
boundaries and in the glauconitic mud cement, or to air-drying 
of the rock induring such openings in the cement. 

.To test this, specimens of the glauconitic sandstone were 
impregnated with a bright red xylol-balsam solution, so that the 
distribution of the balsam absorbed by the rock could be traced 
in thin section. The balsam was intensely coloured by means of 
an oil-soluble tea dye, which is manufactured by British Drug 
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Houses and is soluble m xylol On evaporating out the xylol 
from the xylol balsam solution on a hot plate and heating the 
balsam until it set Inrd the balsam retained the dye though 
remaining perfectly transparent and the colour remained fast 
In thin sections the coloured balsam appeared pink 

A senes of sections were prepared from air dried material 
lmgregnated with this red balsam from the cores of the No 4 
No 6 No 8 and No 10 bores The thin sections revealed only 
a few actual fractures gram boundanes or natural open spaces 
filled with pink bals'im and more often than not the shnnkage 
cracks in the grains of altered glauconite remained unfilled The 
cement of glauconitic mud however was changed in colour from 
green or yellowish green to i pinkish brown indicating that the 
dyed xylol balsam solution had penetrated it more or less 
uniformly presumably along submicroscopic openings I he 

pinkish colour was not due to reaction with the glauconitic mud 
cement because over a period of about seven da\s the glauconitic 
mud cement slow ly resumed its normal greenish colour possibly 
as a result of slow oxidation of the dye stuff or of base 
exchange between it and the dye stuff It is concluded from this 
that the glauconitic mud forming the natural cement of the rock 
is highly porous in its air dried state the pore being chiefly 
capilhary openings with diameters between 0 001 mm and 
0 0002 mm The natural cement commonly constitutes 50 per 
cent or more of the rock so that if it were highly porous such 
openings could account for much or all of the measured p >rosit> 

It seems highly doubtful however that this measured porosity 
is the true porosity of the rock in its natural state because even 
air drying of the rock might cause a shnnkage of the natural 
cement and increase the porosity of the rock considerably 


Conclusion. 

Glauconite can form from a variety of substances provided 
that they liecome gelatinous through hydration (lakahasnt 1939 
pp 506 512) Such substances include faecal pellets clay 
colloidal and opaline silica sponge spicules fragments of \olcamc 
glass and minerals such as felspars pyroxenes and micas Which 
of these substances will be the dominant source in any one 
locality will depend partly on the mineral composition of the 
rocks from which the sedimentary materials are derived and 
partly upon their relative susceptibility to hvdration and 
gelatinization other factors being equal 

Thus in areas like that under consideration where the 
sedimentary material was derived largely from granitic rocks 
the substances most susceptible to glaucomtization that will be 
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present m abundance are biotite and felspar The observations 
of Galhher (1935) and those described above show that in such 
circumstances biotite becomes hydrated and gelatinous much 
more readily than the associated felspars so that the biotite tends 
to be altered to glauconite while the felspar remains fresh nnd 
unaltered 

The alteration of glauconite to ferruginous clay 01 hnumte 
follows the same general course whether the alteration takes 
place during deposition during diagenesis or subsequently as a 
result of weathering Altered glauconite is not therefore of 
itself sufficient evidence of a disconformity in a sedimentary 
senes 

It is also dear that the appearance of a rock in thin stetun 
is not always a reliable guide as to its porosity and that special 
techniques such as impregnating the rock with coloured media 
are necessary to determine the nature of the open spaces 
Moreover m dealing with rocks which contain a considerable 
proportion of clays or clay like substances any drying of the 
rock may cause considerable shrinkage of such substances so 
that porosity measurements on such dned rock will not 1 e a 
measure of the porosity of the rock in its natural state 
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A B Biwards 


I 


Description of Plato. 


FuaDL 

Fra 1 —Oral mu of abend ghoeosite wUoh baa shrank away tmm tfta wtoWM 
matrix The prattMtuma and nwmlma on the Mfi of inp 
gUooomto match Hauler fcaotaraa on the edge of the matrix, MMm 
that tba void haa not boon caused by tta grading of w rook mtifno 
Below it la a sab-angular train of Stand tlaocomta. Ordinary MM. X 106 

Fto 2 —Oral and bean shaped miu of altarad tUoaanito showing pat tern of MHiihfi 

oraoka filled by unaltered ghnoonite m ateri al dnflar to that forming tan 

cement of the matrix of the roek Ordinary 1 pj. X 100 

Fio 3 —Oval train of altered gtetaoonto with Internal shrinkage orada X 100 

Fra 4 —Curved train of expanded Hotate onaqually ewoUen la the direction at righfc- 
angtee to the cleavage planes Ordinary light X 100 

Fra 3—Fan shaped gran of expanded Motrta Ordinary light X 100 

1 ro 6 —Crain of partly altered iVtth" te showing traces of cleavage p l e w ae of 
orig nal Hot te X 100 

Fm 7 —Oval pellet of mudstone containing mnrate Induakma of qoarta X 73 

Fio. 8—Fart of oval gran of altered gUnoonitc on right with annlnaed nua of 

quarts smaller than quarts in nitnx and irregular flake of expanded mottle 
partly r ep lac ed along cleavages by green giaaconite X 100 






$ogal <$oriet|> of Victoria 


1945 . 


Viitem: 

Hu Biaun cr MAjot-GmaAL Sn Wikitok Duoaw. K.C M.(., 

C.B, D.S.O. 

VnaOcnt i 
J. K. Davis. 

Bice-Vaatltat*. 

Majo* D. A. Caacy, MC 
Paor. J. S. Town, MA, Ph.D. 

tnumt: 

W. J. Paul 

81m. Jifcmtam 
F. A. Cubmoul 


JMn. <$*mtari. 

F. L. Still wall, D.Sc 

Csaadl: 


Emarrca Paor. W. A. Ououra, 
M.B, B-Ch* D.Sc 

H. S. SraiBH, D.Sc 
J. If. Bauwix, UA, D.Sc 

Emarrua Paor. E. W. Skbatb, 
D.Sc, AJtCSc, F.G.S. 

R. T. Pattoh. D.Sc 
P. Caoaara Motanow, If Ac 


W. Bakaowamatb. 

Paor. R. D. WusarMB, MS, 
D.Sc (Mata.), FJIA.CS. 
Paor. S. M. Waoham, UA. Aol 
D u. 

J. S. Rooms, M.A, D.Sc 
Aaaoc Paor. O. W. Titos, F.R.S., 
D.Sc 

Paor. E. S. Hills, D Sc, Ph.D. 



Gommhteee of the Council 


Publication Committee: 

THE PRESIDENT. 

THE HON. TREASURER. 
THE HON. SECSETARY. 


library Cemmftttti 

Amociats Prof. O W. TIEGS, F. A. CUDMORE. 

Xanoms 

Put. W. N. KKRNOT. 

Prof. T. M. CHERRY. 


Jflonom jj jUchttect: 

W. A. M. BLACKETT. 


'Cnuteeo: 

J. A. KERSHAW, F.E.S. 

Emuitvi Prof. E W. SKKATS, D.S<l, AJLC.Sc., 7.O.S. 
W. RUSSELL GSIMWADE, B Sc , C.B.E. 




INS. 


LIST OF MWMBEPg 

tMB TBMIB TUI OP JOISIPO. 

I Mcaibtn tod AaaooUfcM tra nqonUd to Mod InnnwIUfea aotlM of any ohuigo of 
feddreM to tb« Hon. BoureUry.] 


Patron- 

His Excellency Major-General Sir Winston Dugan, K.C.M.G., C.B., D.SO 

Lin Miusns. 

Baldwin, T. M, M.A., D.Sc., F.Inst.P., Observatory, South Yam, 1915 
S.E.l 

Balfour, Lewis J, B.A., M.B., B.S., 62 Hopetoun-road, Toormk, S.E2 1892 
Gault, E. L, M.A., M.B., B.S., 4 Collins-street, Melbourne, Cl .. 1899 
Kershaw, J. A, F.R.E.S., 11 Wrexham-road, P rah ran, S.l 1900 

Osborne, Emeritus Prof. W. A., M.B., B.Ch., D Sc., "The Hall," 1910 
Kangaroo Ground, Victoria. 

Selby, G. W„ Glenbrook-avenue, Malvern, S.E.5 .. .. 1889 

SWeats, Emeritus Prof E W„ DSc., A.R C.Sc., F.G.S., 27 1905 
Kensington - road, South Yarra, SJE.l 

Summers, Dr. H. S., I Win son Green-road, Canterbury, E7 ., 1902 

Sweet, Georgina, D.Sc., “ Qucongo," 64 Mont Albert-road, Canterbury, 1906 
E.7 


ORDINARY MEMBER*. 

Agar, Prof. W. E., M.A^ D.Sc., F.R.S., University, Carlton, N.3 ,. 1920 

Anderson. George, M.A., LL.M., M.Com., 36 Lansell-road, Toorak, 1924 
SE2 

Anderson, V. G. t 360 Collins-street, Melbourne, C.l .. 1943 

Baragwanath, W., Geological Survey Department, Treasury Gardens, 1922 
East Melbourne, C2 

Barker, Prof. A. F., M.Sc, Pasadena Mansions, St. Kilda-road, 1940 
Melbourne. 

Barrett, A. O., 1 Queen-street, Melbourne, Cl .. .. 1908 

Bnesst, T. N. M„ 5 Torresdale-road, Toorak, S.EL2 ..1945 

Bull, L. B., D.V.Sc., Animal Health Research Laboratory, Parlcville, 1939 
NJ2. 

Casey, Major Dermot A, M.C., c/o Melbourne Club, Collins-street, 1932 
Melbourne, Cl 

Cherry, Prof. T. M.. BA, Ph.D, University, Carlton, NJ .. 1930 

Clark, A. M., M.Sc., 9 Grattan-street. Hawthorn, E2 .. 1940 

Clark, G. Lindesav, M.C„ B.Sc., M.MX, c/o Gold Mines of Australia 1931 
Ltd., P.O. Box 856 k, Melbourne, Cl 

Cudmore, F. A* 12 Valley View-road, East Malvern, S.IL6 


.. 1920 



172 


List of Msmbsrs, 


Daria, John King, 35 WUls-street, Melbourne, Cl .. 1930 

Devine, Dr. John, 57 Collins-street, Cl .. .. 1945 

Drummond, P. H„ PhD, B.Sc, University, Carlton, N3 .. .. 1933 

Dymson, E. G, B.Sc, B.M.Eh 92 Queen-street, Melbourne, Cl .. 1913 

Edwards, A. B., D.Sc H PhlX, D.I.C, Geology School, U ni v e r si ty, 1930 
Carlton, NJ 

Esserman, N. B.Sc, AJnitP, National Standards Laboratory, 1923 
University Grounds, Sydney 

Gepp, Sir Herbert W., Box 1643, P.O, Melbourne ..1935 

Gill, Rev. E. D„ BA, BJX, 26 Wimfred-atrcet, Eaaendon, W.5 .. 1938 

Grice, J. Hugh, “HighfiekT Lilydale.1938 

Grim wade, W. Russell, B.Sc, C.B.IL, 342 FUnderi-lane, Melbourne, 1912 
Cl. 

Hartung, Prof. E. J., D.Sc, Univeraity, Carlton, NJ .. 1923 

Hills, Prof. E. S., D.Sc, PhD, Geology School, Univeraity, 1928 
Carlton, NJ 

Hordern, A, 242 Walsh-street, Sooth Yam, S.E.l .. 1940 

Jack, R. Lockhart, B.E, D.Sc, F.G.S., c/o Broken Hill Pty Ltd, 1931 
422 Little Colllns-strcet, Melbourne, C.l 

James, A., BA.., D.Sc, 23 Bayvicw- creacen t, Black Rock, S.9 1912 

Jutsoo, J. T, D.Sc., LL.B, “ Darlington,** 9 Ivanhoe-parade, Ivaahoe, 1902 
Nil 

Keble, R. A., National Museum, Melbourne, Cl .. .. .. 1911 

Lang, P. S, BAgr.Sc, School of Agriculture, Univeraity, N.3 .. 1938 

Leeper, G. W., M.Sc, Chemiitry School, Univeraity, Carlton, NJ .. 1931 
Lewis, J. M, D.D.Se, M Whitethorns,” Boundary-road, Burwood, E.13 1921 

MacCaUum, Prof. Peter, M.C, M.A, M.Sc, MB, ChB, D.P.H, 1925 
University, Carlton, N.3 

Mack, G, B.Sc., National Museum, Melbourne, Cl .. 1943 

Martin, Prof. L H, PhD., University, NJ .. 1945 

Miller, E. Studley, 220 Kooyong-road, Toorak, S.EL2 .. 1921 

Miller, Leo F, ** Moonga,” Power-avenue, Malvern, S.E.4 .. 1920 

Millikan, C R., M.Agr.Se, Plant Research Laboratory, Swan-street, 1941 
Burnley, E.1 

Montgomery, J. N, c/o A’ashn Petroleum Co. Pty. Ltd, 37 Queen- 1945 
street, Cl. 

Moore, K. Byron, 11 Mona-place, South Yam, S.E.1 .. .. 1945 

Morrison, P. CrosbJe, M.Sc n 44-74 FUnders-street, Cl .. 1938 

Nicholas, Geo. R, 48 Lansell-road, Toorak, SJE2 1934 

Olsen, C O, BA., Dip. Ed, 46 Qendon-road, Toorak, SJE2 .. 1945 
Orr, Dr. R. Graeme, MA, B.Ch, 11 Maple-grove, Toorak, SJL2 .. 1935 
Orr, Dr. W. F., 8 Coll ins-street, Melbourne, Cl .. .. 1932 

Parr, W. J., 17 Bokhara-road, Caulfield, S.EB .. 1927 

Patton, R T., D.Sc, M.F, Hartley-avenue, Caulfield, S.EA .. 1922 
Pescott, R. T. M, National Museum, Melbourne, C.l .. 1944 

Piesae, E. L, 43 Sackville-street, Kew, E.4 ., 1921 





List of Mtmbtrs . 


173 


Pittman, H* A. J., BA* B.ScAgr. (Hons.), Dip.Ed., Plant Research 1942 
Laboratory* Swan-street* Burnley, E.1 

Priestley, R E, M.A, D.Sc, University, Birmingham .. 1935 

Qoayle, E. T n BA., 27 CoUins-street, Esscndon, W.5 1920 

Reid, J. S., 498 Punt-road, South Yarra, S.E.l .. 1924 

Richardson, A. E. V. f MA, D.Sc, CM G.» Council for Scientific 1938 
and Industrial Research, 314 Albert-street. East Melbourne, 

C2 

Rlvett, Sir David, K.CM.G., M.A, D.Sc., Council for Scientific 1911 
and Industrial Research, 314 Albert-street, East Melbourne, 

G2 

Rogers, J. Stanley, BA., D.Sc, University, Carlton, N3 .. 1924 

Rose, F. G. G., Central Weather Bureau, Box 12891c, G P.O., 1944 
Melbourne, C.l 

Sewell, Sir Sidney V., 12 Coll ins-street, C.l 1936 

Assoc.-Prof. Singleton, F. A., D.Sc., University, Carlton, N.3 1917 

Smith, Dr. Hubert R, 59 Collins-street. Cl. .. .. 1945 

Stillwell, F. L, D.Sc., 44 Elphin-grove, Hawthorn, E 2 .. 1910 

Stokes, Dr. H. Lawrence, 232 Kooyong-road, Toorak, S.EJ2 .. 1945 

Stokes, Russell N., 2 Torresdale-road, Toorak, S.E 2 1945 

Sullivan, W., 326 Exhibition-street, Melbourne, C.l .. 1943 

Sunderland, Professor S., D.Sc, M.B, B.S., University, Carlton, 1945 
N.3 

Tattam, Dr. C .M., Ph.D, D.Sc., D.I.C., University, N.3 .. 1945 

Thomas, Dr. D. J., M.D., 81 Collins-street, Melbourne, Cl .. 1924 
Tiega, Assoc. Prof. O. W., D.Sc., F.RS., University, Carlton, N.3 1925 
Turner, Professor J. S., M.A, Ph.D., University, Carlton, N 3 .. 1938 

Vail, Col. L. E., 485 Bourke-street, Melbourne, C.1 ..1939 

Wadham, Prof. S. M., M.A,, Agr. Dip., University, Carlton, NJ .. 1932 

Weigall, Dr. Gerald, 34 Avoca-street, South Yarra, 8.E.1 1945 

Wettenhall, Dr. Roland R„ “ Aberfeldie,” 557 Toorak-road, S.E.2 1938 
White, Dr. A. E. Rowdcn, 14 Parliament-place, Melbourne, C2 .. 1938 
Withers. R B„ M.Sc, Dip. Ed. Technical School, Brunswick, N.10 1926 

Woodruff, Professor H. A, M.R.CS, LRC P., M.R.C.V.S., 1913 
84 Fellows-street, Kew, E.4 

Wright, Prof. R D., D.Sc. MR, M.S„ F.RA.CS, FRAC.P., 1941 
University, Carlton, NJ 

Country Members. 

Adams, H. G., “Danedite," Werribee, Vic .1945 

Blackburn, ^Maurice, M.Sc., Fisheries Section, CS.I.R., Cronulla, 1936 

Burston, Gerald, "Koorana,” Euroa, Vic .. 1945 

Caddy, Dr. Arnold, «Chandpara," Tylden, Vic.1924 

Caldwell, J. J., Geological Survey Office, Bendigo, Vic .. .. 1930 

Crawford, W., Gisborne, Vic. •. 1920 

Currie, Mrs. Ian, Seven Oaks, Ettroa .. 1941 

Felstead, Dr. J. G tL, Box 30, Horsham .. 1945 

IWI/tfr-ll 





174 


List of Members 


Glaeisner M F Ph 1) Australian Petroleum Co Pty Ltd 1939 
37 Queen stnet Melbourne C1 

Gloe C State Rivers and Water Supply Dept Eildon Weir 1944 
Hains W J 1 A D Sc Box 34 Warragul Vic 1914 

Hill Dr Dorothy M Sc F h D Geology Dept University of 1939 

Brisbane 

Hope G B B M E Carrical Hermitage road Newtown 1918 


Geelong Vic 

Jenkin J J 35 Marley street Sale 1945 

Knight J L B Sc State Cc al Mines Wonthaggi 1944 

Lawrence AO B Sc Dii 1 or 509 Ltgai street Ballarat 1931 

Mackenzie H P Lngr Commr R N (Ret ) Trawalla Vic 1924 

Mann S F Caramut Vic 1922 

Payne T T Ntwile Woodbuin Kilmore Vic 1945 

Quayle D S 33 Gents uct Billirat 1939 

Ihoma* D 1 c/o Geological Survey Mines Dept Hobart 1929 

Tiebilcock Captain R L MC Wellington sticet Kerang Vic 1921 

Weathtrly W DTC BA Woolongoon Mortlake Vic 1945 

White R A B Sc School of Mines Bsndigo Vic 1910 

Yates H School f Mims Ballarit Vic 1943 


associati a 

Aitken Miss Y M Agr Sc School of Agriculture University 19J6 
Cai 1 to n N 3 

Alderman A R M Sc PhD FGS Box 4331 GPO Melbourne 1942 
Cl 

Bage Miss F M Sc OBL Womens College Kangaroo loint 1906 
' Brisbane Qld 


Baker G M Sc Getfcgy Department University N3 1935 

Bottom^ i A OS Kobimons road Hawthorn E 2 1943 

Brazenor C W National Museum Russell street Melbourne C1 1931 

Broadhurst F M Sc 4i7 St Kilhroad Melbourne SC2 1930 

Butcher AD M Sc Fisheries 6c Game Dept 605 Flinders street 1936 
Cl 

Butler L S G No 3 1 os Angeles Court St Kilda S2 1929 

Campbell J D B Sc B M L 1327 Burke road Kew 1932 

Canavan F B Sc c/o Broken Hill Pty Ltd, 422 Little Collins- 1936 

street Melbourne 

Carter A A C Fairholm Thrcadncedle street Balwyn, E 8 1927 

Chapman W D Major MCE Hellas Stawell street Kew, F4 1927 
Chappie Rev E H 1 he Manse Warrigal road Oakleigh, S E 12 1919 

Clinton H T Deportment of Agriculture Public Offices C2 1920 
Cochrane GW B Sc Queens College Carlton N 3 1945 

Collins A C 3 I awrence street Newtown Geelong 1928 

Colliver r S 14 McCarron parade Essendon W 5 1933 

Condon, M A BSc c/o Melbourne and Metropolitan Board of 1937 
Works Melbourne 

Coolc G A M Sc B M L 58 Kooyongkoot road Hawthorn E 2 1919 
Cookson Miss I C D Sc 154 Power street, Hawthorn, E 2 1916 



List of Members . 


175 


Cotillon, A., M.Sc., 66 Spencer-street, Ewcndon, W 5 1929 

Coulaon, A. L., D.Sc., D.I.C, F.G.S., 324 Cotbam-road, Kew, E.4 1919 
Cowen, Miss Margot E. H„ B.Agr.Sc, 2 Leabum-avcnuc, SE7 1936 

Crespin, Miss I., B.A., Mineral Resources Survey, Census Building, 1919 
City, Canberra. A C.T. 

Croll, I. C. H., M Sc, 53 The Boulevard, Hawthorn. E2 . 1934 

Croll, R. D., B.Agr Sc., 18 Russell-streel, Camberwell, 116 .. 1940 

' Dad swell, Mrs. Inex W . M.Sc., University, M3 .. 1939 

Deane, Cedricr 11 Rothley,” Sorrett-avenue, Malvern, SE4 1023 

Dewhurst, Miss Irene, B.Sc, 2 Pine-grove, McKinnon, S E 14 1936 

Dickinson, Mias Jill, BSc, State Laboratories Tn isnry Gardens 1944 
Down, Mrs. Mary R, B Agr.Sc., 18 Merton-street, Ivanhoc . 1942 

Edwards, G. R H B.Sc, Powell-strect, St Amaud .. 1937 

Elford, F. G., B.Sc., B.Ed, 76 New-street, Brighton, S S 1929 

Elford, H. S., B.E, c/o Tait Publishing Co, 349 Collins street, 1934 
Melbourne, C.l 

Fawcett, Miss Stella G. M., M Sc., Box 54, P O. Omco 1937 

Ferguson, W. H., 37 Brinsley roid, 1% Camberwell, E6 1894 

Fisher, Miss E. E., M Sc., Ph D. 1 Balwyn-road, Cantei bury, E 7 1930 

Forster, H. C, B Agr Sc , Ph D , 6 Glmdcnc-avcmie, Kew, E 4 1938 

Frostick, A. C„ 9 Pcntlaud-street, N Williamstown, W 16 1933 

Gabriel. C J., 293 Victoria-street, Abbotsford, C 1 . 1922 

Gaskin, A. J., M.Sc., 6 Olive-street, E. Malvern, S E 5 1941 

Gillespie, J. M., M.Sc, 22a Mercer-road, Mahcrn, SE3 . 1941 

Gladwell, R A, 79 Cochrane-street. Elstemwick, S4 .. .. 1938 

Gordon, Alan, B.Sc, c/o C.S I.R., Yarra Bank-road, South Mel- 1938 
bourne, SC.4 

Goodie, A. G. # B.Agr.Sc, Department of Agriculture, Melbourne 1941 
Grieve, Brian J., M.Sc, Ph.D , D T C. t Botany School, University N.3 1929 
Gunson, Miss Mary, BSc, Zoology Dept, Uimcrsity, N3 1944 

Hanks, W., 7 Lake-grove, Coburg, N 14 1930 

Hardy, A. D, 24 Studlcy-avenue, Kew, E4 1903 

Hauser, H. B., M.Sc., Geology School, Lbiiversity, Carlton, N 3 1919 

Head, W. C. E. p Campbell-street, Nhill.1931 

Heysen, Mrs. D., P.O. Box 10, Kalangadoo, South Australia 1935 

Holland, R. A., 526 Toorak-road, Toorak, S E 2 1931 

Holmes, W. M, MA, B.Sc., 1 Balmoral avemn, Kew, E4 1913 

Honman, C. S., B.M.E., Melbourne Technical Colley. 134 latrobt- 1934 
street, Cl 

Hutchinson, R. C., BSc, Dept, of Agriculture, Rabaul 1939 

Jack, A. K, M.Sc., 49 Aroonu-roul, Caulfield, SE7 1913 

Jacobson, R., M.Sc., 41 Thanet-street, Malvern, S.E4 .. 1937 

Jessep, A. W., B.Sc., M.Ag.Sc, Botanical Gardens Sth Yarra, S.E.l 1927 
Jona, J. Leon, M.D., MS, DSc, Ln>ter House, 61 Collins-strect, 1914 
Melbourne, C.l 

Kenny, J. P. I*, B.GE., Mines Department, Public Offices, C 2 1942 

KBvingtoii, T., M.Sc., Physiology Department, University, NJ .. 1938 



176 


List of Mtmbtrs. 


Langham, Miss Beryl, B.Sc, 8 Myrtle-road, Hampton, S.7 1945 

McCance, D, U.S&, 144 Gatehouse-street, Parkville, N2 .. .. 1931 

McLennan, Assoc. Prof. Ethel, D.Sc., University, Carlton, N.3 .. 1915 

Macphenon, Miss J. Hope, National Museum, Melbourne 1940 

Manning, N., 16 Fairmont-avenue, Camberwell, E.6 .. .. 1940 

Mefhulsh, T. D’A., M.Sc., c/o Elliots & Aust Drug Pty. Ltd, 1919 
Terry-street, Roselle, N.S.W. 

Morris, P. F., National Herbarium, South Yarra, S.E1 .. 1922 

Moy, A. F„ Melbourne Boys High School, Prospect Hill-road, 1943 
Canterbury, E.7. 

Muslim, Mrs. Rose, 150 Garton-street, North Carlton, N.4 .. 1940 

Newman, B W., B.Sc., Meteorological Bureau, Sydney 1927 

Nye, E. E, College of Pharmacy, 360 Swans ton-street, Melbourne, 1932 
Cl 

Oke, C, 34 Bourke-street, Melbourne, C.l 1922 

Osborne, N., 35 Dorrmgton-avenue, Glen Iris, S.R6 1930 

Pinches, Mrs. M , 8 Thomas-street, Brunswick, N.10 .. .. 1943 

Prentice, H. J., B.Sc, Higher Elementary School, Wodonga .. 1936 

Pretty, R. B, M.Sc., Technical School, Wonthaggi, Vic. .. .. 1922 

Raff, Miss J. W. t M.Sc., F.R.E.S., University, Carlton, NJ .. 1910 

Rayment, Tarlton, Bath-street, Sandringham, S.8 .. 1929 

Richardson, Sidney C, 16 Brewster-sircet, Essendon, W.5 .. .. 1923 

Samson, H. R, B.Sc., 34 Park-street, Parkville, N 2 .. .. 1945 

Sayce, E L., B.Sc., A Inst P., Research Laboratories, Maribyraong, 1924 
W.3 

Scott, T. R, M.Sc., B.Ed., 27 Currajong-avenue, Camberwell, E.6 .. 1934 

Shaw, Dr. C Gordon, 57 Clendon-road, Toorak, S E 2 .. 1931 

Sherrmrd, Mrs. H. M. f M.Sc., 43 Robeitsoft-road, Centennial Park, 1918 
N.S.W. 

Singleton, O. P. p 126 Andcrson-street, South Yarra, SE.1 .. .. 1943 

Stach, L. W., M.Sc., 250 Riversdalc-road. Hawthorn, E3 1932 

Stubbs, G. C., Plant Laboratory, Burnley, E.l .. 1943 

Thomas, G. A., B.Sc, National Museum, Melbourne .. 1944 

rhomas, L. A, B Sc., c/o Council for Scientific and Industrial 1930 
Research, Stanthorpc, Queensland 

TrOdinger, W. p 27 Gcrald-street, Murrumbecua, S.E.9 .. 1918 

Tubb, J. A., M.Sc., Fisheries Section, C.S.I.R., Cronulla, N.S.W. .. 1936 
Vasey, A J., B.Agr.Sc., Animal Health Laboratory, Parkville, NJ 1937 
Vascy, G. H., B.C.E, University, Carlton, N.3 .. .. 1936 

Wade, G. C„ B.Agr.Sc., Plant Research Laboratory. Swan-street, 1941 
Burnley, El 

Whincup, Mrs. Sylvia, B Sc., Kerang .. 1942 

Wilcock, A. A., B.Sc., B.Ed., 21 Park-road, Maryborough .. .. 1934 

Wilson, F. E, F.ES., 22 Ferncroft-avenue, E. Malvern, SJL5 .. 1921 

Wood, Prof. G. L, M.A., Litt D„ University, Carlton, NJ .. 1933 

Woodbum, Mrs. Fenton, 21 Bayview-erescent, Black Rock, S.9 - • 1930 

Wunderly, J., DD.Sc. (Mtlb.), 7 Victoria-road, Camberwell, E6 .. 1937 








INI 





ANNUAL REPORT OF fHE COUNCIL 

VOS TBB YBA.B 1944 

The Council present* to members of the Society the Annual 
Report And Statement of Receipts and Expenditure for the year 
1944. The following meetings of the Society were held: 

March 9: Annual Meeting. The following office-bearers were 
elected: President, Mr. w. Baragwanath;Vice-Presidents, Major 

D. A Casey, Ca p tai n T. K. Davis; Honorary Treasurer, Mr. W- J. 
Parr; Honorary Librarian, Mr. F. A. Cudtnore; Honorary 
Secretary, Dr. F. L. Stillwell; Members of Council, Professor 

E. W. Skeats, Professor S. M. Wadham, Professor R. D. Wright, 
Dr. R. T. Patton, Mr. D. J. Mahony, Mr. Crosbie Morrison. 

The following members of Coundl continued in office: 
Professor W. A. Osborne, Professor H. S. Summers, professor 
J. S. Turner, Dr. J. M. Baldwin, Mr. J. S. Rogers, Associate- 
Professor O. W. Tiegs. 

The Annual Report and the Financial Statement for 1943 
were read and adopted. 

At the close of the Annual Meeting an Ordinary Ms 
was held. Lecture: “Flax and Flax Production,” by Dr. L 
Phipps. 

April 13: Lecture: “The Electron Microscope,'* by Dr. J. S. 
Hoalong. 

May 11: Lecture: “The Road to Darwin with the Army 
Educa t ion Services in Northern Australia," by P. Crosbie 
Morrison. 

Tune IS: Lecture: “The Meteorological Conditions of 
b" by Dr. F. Loewe. 

July 13: Papers: “Classification of Victorian Plant Com¬ 
munities," by Dr. R. T. Patton. “The Stratigraphical Range and 
Habitat of the Diprotodontidae in South-East Australia," by 
R. A Keble. "Note on Some Buried Valleys along the South 
GipMland Coast," by Dr. A B. Edwards. “Geology of PhiUip 
Ispfid'" by Dr. A. B. Edwards. 

August 10: Lecture: “Some Borderlands of Microbiology, 
Bicjcfremisfty and Genetics," by Dr. F. M. Burnet. 

September 14: Lecture: "Sheep and Wool: Recent Research 
and Prospective Developments,” by Professor A F. Barker. 

October 12: Lecture: “The Problem of the Origin of 
Inserts, N by Assodate-Ftplesaoi’ Ot W. Tleg#. 



November 9 Papers “Note on tbe Age and Patacogeograpby 
of the Brown Coal Deposits of Gippsland, Victoria," by Irene 
Crespin “Australian Ambrosia Fungi," by Mrs Shirley Webb 
Lecture The Leigh Creek Coalfield, by Dr A B Edwards 
December 14 Papers "Botrytis Corm Rot of die Gladiolus 
—Its Cause and Control,’ by G C Wade "A Gla u co nit i c 
Sandstone from the Tertiary of East Gippsland,” by Dr A B 
Edwards The Chonetidae of the Palaeozoic Rocks of Victoria/’ 
by Rev E D Gill A Commentary on a Recent Classification 
of the Gippsland Tertiary/’ by Dr F A Singleton "Tertiary 
(Janjukian) Shelly Faunules from near Pnncetown, Victoria/’ 
by Dr F A Singleton and Owen P Singleton 
The Society s Hall was still required by the Army Hiring 
Department under the National Security Regulations for Defence 
purposes, but satisfactory arrangements continued for its use by 
the Society for the monthly meetings 

Reciprocal arrangements have been made with the Royal 
Societies in other States whereby members visiting another State, 
may attend meetings and use the library of the Royal Society in 
that State on production of a letter from the Secretary of this 
Society The privileges are available for three months, and may 
be extended at the discretion of the Council of the local Society 
During the year two members, two country members and 
three associate members were elected 

The Council deeply regrets the loss by death of three life 
members, one member, one country member and two associate 
members , 

Thomas Ranken Lyle Kt M A, D Sc FRS Emeritus 
Professor of Natural Philosophy of the University of Melbourne, 
was born m 1860 m Coleraine, Northern Ireland, and educated at 
the Coleraine Academic Institute and Trinity College, Dublin 
He graduated with high academic distinctions which were 
combined with athletic prowess His first post was lecturer in 
mathematics at the Catholic College Dublin and he was a member 
of the Insh International Rugby Football teams of 1885*7 In 
1889, he was appointed Professor of Natural Philosophy in the 
University of Melbourne holding the chair until his retirement in 
1915 In 1905 he was awarded the D Sc of Dublin University 
and, in 1912, he was elected FRS After relinquishing us 
Chair he was associated with H J Grayson at the Umveraity of 
Melbourne in the production of diffraction gratings, and, after 
Grayson s death, purchased the machine from Grayson’s estate 
Just before his death he donated this madune to the National 
Standards Laboratory of Australia Lyle earned a load of 
important public responsibilities, being rewarded with a knight¬ 
hood in 1922 He was the first Chairman of the State 
Electricity Commission and afterwards continued as a 
member He was chairman of die Board of Visitors 
at the Melbourne Observatory from 1903, a member and 
Vice-President of the Council of Education He was a 



director of the Metropolitan Gas Co., a member of the 
Federal Munitions Committee set up during the 1914-18 war, 
a chairman of the Industries Exemption Committee and first 
chairman of the Standards Association of Australia. Lyle's 
published contributions to science lie mainly in die Amin of 
electrical circuit theory. He was the first to give a comply 
theory of the simple alternator, and he was among the first in 
Australia to take X-ray {dictographs, using tubes made with his 
oWn hands. He contributed articles on related subjects to the 
Proceedings of this Society in 1904-5. He was elected a member 
, of the Society in 1889 and an honorary life-member in 1938. He 
died on March 31 at the age of eighty-three. 

Ambrose Pratt was bom at Forbes, N.S.W., in 1874, and 
educated at the Sydney Grammar School and Sydney University, 
graduating in law in 1896. Within a few years he retired from 
die legal profession and went to England, published several novels 
and entered the field of journalism. Returning to Australia in 
1904, he became a leader writer on the “Age." In 1915 he 
became editor and part proprietor of the Australian Industrial 
and Mining Standard, retiring from journalism in 1927. He then 
became company director to several tin dredging companies in 
Malaya and Thailand. Apart from his newspaper work, he wrote 
about 30 novels, as well as several zoological, economic and 
historical works. His interests were wide and he was for 
many years President of the Royal Zoological and Acclimatisation 
Society of Victoria, a member of the committee of the library 
Association and a vice-president of the League of Youth Move¬ 
ment. He was also a member of the Board of Management of 
Mount Royal Hospital and Queen's Memorial Hospital. He 
was elected a member of this Society in 1918 and became a life 
member in 1933. He died on September 13 at the age of 
70 years. 

Daniel James Mahony, M.Sc., was born in 1878 at Melbourne, 
and graduated as a bachelor of science at the University of 
Melbourne in 1904. In 1906 he joined the Geological Survey of 
Victoria as petrologist. In 1912 he was locum tenens for Sir 
Douglas Mawson at the Adelaide University during the Aus¬ 
tralasian Antarctic Expedition. He served with the Royal 
Artillery in the war of 1914-1918. In 1931 he was transferred 
from the Geological Survey of Victoria to the post of Director 
of the National Museum. In this capacity he introduced the 
dioramas and staged a fitting setting of the famous ethnological 
collection. In doing so, Mr. Mahony contributed generously 
from his own pocket and secured substantial donations from 
some of his friends. He helped to form the Galleries and 
Museums Association of Australia, of which he was the first 
chairman. He was a chairman of the scientific committee of the 
Zoological Board of Victoria. He joined this Society in 1901, and 
served as a member of Council from 1931 till his death, being 
President 1939-1940. He contributed two papers on Tertiary 
Volcanic Rocks to the Proceedings of the Society. He died on 
September 28 shortly after his retirement from the Museum, 



Gilbert Rigg wu bora to EngWhd Hi 1873. He cotnttiefafced 
his association with zinc production in 1908, when he was 
appointed chief of the research department of the New Jerny 
Zinc Co., U.S.A., and in the last five years of his engagement he 
also held the position of sales engineer. In 1916, he came tp 
Australia as metallurgical engineer to the Broken Hill Associated 
Smehfcrs Pty. Ltd., and, at die same time, he became consulting 
nwtaUargkaj engineer to the Electrolytic Zinc Co. of Australasia 
Ltd. In 1924, jointly with Herbert Gepp, he was awarded the 
Gold Medal of the Institution of Mining and Metallurgy, London, 
in recognition of joint and individual achievements in die 
development of the electrolytic process for the production of zinc, 
and in the treatment of complex sulphide ores in Anstralia. 
After 1926, he retired from active professional life though still 
retaining his connection with die Broken Hill Associated Smelters 
as consultant. He then devoted himself more and more to his 
own private researches, maintaining a keen interest in those 
scientific developments which particularly interested him. He 
was elected a member of this Society in 1931. He died on 
September 2. 

Herbert Montgomerie Standish Cox, of Wombat Park, 
Daylesfbrd, pastoralist, died on March 14, 1944, aged 85. He 
was bom at Kawdon Station, Rylston, N S.W., and was a famous 
htirsemSn in his younger days. Ht was a grandson of Captain 
William Cbx who organised and carried out the construction of 
die first road from Sydney across the Blue Mountains, which 
#44 completed in 1815, eighteen months after it was begun. He 
was elected a country member of this Society in 1931. 

John George Easton joined the Mines Department in 1897, 
Slid first served as assistant on geological surveys in the Snowy 
River, the Apollo Bay-Forrest and the Baw Baw-Aberfeldy 
districts and on a detailed survey of the Berringa mines. In 
1904, he was appointed to take charge of a survey of the Myrtle- 
ford auriferous belt, which was subsequently extended to include 
the Buckland River, Buffalo Creek, Stanley and Twist’s Creek 
areas. He was next engaged in mapping lame areas in die 
northern portion of Renambra and, from 1923-35, with his 
headquarters at Baimsdale, he conducted a geological and 
topographical survey of considerably more than 500 square miles 
of Eastern Gippsland. He retired in 1942, but was immediately 
erigaged by the Commonwealth Government to supervise die 
boring for bauxite in Gippsland. In 1943, he was re-employed 
by the Mines Department as curator of the Geological Museum, 
and hdd this post until his death on August 9, 1944. He 
was elected an associate member of the Soaety in 1913, and 
contributed a paper as joint author with Dr. A. B. Edwards 
on the "Igneous Rocks of North-Eastern Benambm" to die 
Proceedings of this Society. 

John Cuthbert Traill was bom at Geelong in 1864 and 
educated at Geelong Grammar School and Melbourne University. 

4 



He was one of die earnest student! of Ormond College and 
graduated BA., B.C.E., in 1888. He then joined the staff of 
Huddart Parker Ltd., of whidi his father was one of the 
founders. He was at one time manager of the Geelong office and 
was transferred later to Melbourne. He maintained a wide 
interest in cultural matters and was president of the Old Ormond 
Students' Association in 1923-4. He was elected an associate 
member of this Society in 1903. He died on August 21 at the 
age of eighty. 

The attendances at the Council meetings were as follows: 
Mr. Baragwanath, 10; Mr. Morrison, 10; Mr. Parr, 10; Dr. 
Patton, 10; Dr. Baldwin, 9; Mr. Cudmore, 9; Professor Skeats, 
8; Dr. Stillwell, 8; Associate Professor Tiegs, 8; Captain Davis, 
7; Professor Summers, 7; Mr. Rogers, 5; Professor Turner, 5; 
Professor Wadhahi, 5; Mr. Mahony, 4; Professor Osborne, d; 
Prbfcssor Wright, 0. Major D. A. Casey was granted leave of 
absence for military duties. 

During the year, 831 volumes and parts were added to the 
library. Many of the overseas exchanges are temporarily 
suspended on account of the war. Owing to man-power difficulties 
arising from the war, the Hon. Librarian has carried on without 
the help of an assistant librarian. Members are asked to co¬ 
operate by returning borrowed books within die specified time 
limit of three months. The value of the library has proved itself 
in the war effort. Books have been lent to Australian, American 
and Dutch Forces, also to departments and firms on war work, 
while the Society is co-operating in the compilation, by the 
Allied Geographical Section, of an Annotated Bibliography of the 
Southwest Pacific and Adjacent Areas. 

Volume 56, Part 1, of the Proceedings of the Society wAa 
issued on August 1. The publication of tins volume was assisted 
by a credit of £100 made available at the Government Printing 
Office by the State Government, and by grants from the 
University Publications Fund, towards the cost of publishing 
papers from the Science Departments of the University of 
Melbourne. 

HONORARY TREASURER’S REPORT. 

The financial statement shows a credit balance of £371/10/9 
at 31st December, 1944, as against £194/12/2 at the end of the 
previous year. This balance does not, however, represent the 
true position, as, because of delays in printing, the second part 
of Volume 56 of the Proceedings was not published during the 
year, and this expenditure, estimated at £230, has yet to be met. 

Subscriptions hftve been well maintained, but the falling off 
in the total general receipts other than rents has continued. 
Rents have increased as a result of the temporary occupation of 
part of the Hall by the R.A.A.F. Without the receipts from this 
source the financial position of the Society would be deteriorating 
because of the greatly increased cost of printing the Proceedings 
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MEMORANDUM FOR AUTHORS 


Authors are particularly requested to note the following 
instructions before submitting papers for publication. 

1. Papers must be in a form suitable for publication and 
complete when communicated to the Society, and should he as 
concise as possible. They must be accompanied by an abstract 
of not more than 100 words, for publication in Australian Science 
Abstracts. 

2. Papers should be in double-spaced typescript, with ample 
margins, and on one side only of the paper. Footnotes are to be 
avoided. 

3. The use of italics should be restricted to generic and specific 
names, foreign words, and titles of periodicals. 

4. The cost of author's corrections to proof above what the 
Council considers a reasonable amount must be borne by the 
author. 

5. All references should be listed at the end of the paper, 
arranged either alphabetically or chronologically, under authors' 
names, or numl>ered serially in order of first mention in the text. 

Examples of the respective forms of citation:— 

Fenner, C. 1918. The Physiography of the Werribee River Area. 
Proc . Roy. Soc. Vic., n.i., xxxi. (1), pp 176-313. 

5. C. Ffnnks. The Physiography of the Werribee River Area 
Proc . Roy. Soc. Vic., n.s, xxxi. (1), pp 176-313. 1918 
The corresponding references in the text should he “ Fenner 
(1918),” and (5) " respectively. 

6. Before preparing illustrations, authors are advised to consult 
the Hon. Secretary regarding the most suitable material style, 
arrangement, and dimensions to be adopted for their drawings 
or photographs. 

7. The size of the printed plate will not exceed 8 in x in., 
and drawings may l>e to this size, or preferably to a convenient 
small multiple thereof. The effect of the necessary reduction on 
lettering and fine detail should be borne in mind. Text figures 
should be drawn for reduction to a width not exceeding 4 in. 

8. Drawings in line should be executed in intensely blade 
ink, such as a good India ink, on a smooth surface, preferably 
Bristol board. Excessively fine, scratchy or faint lines are to be 
avoided. Tints or washes cannot be reproduced in line drawings. 
Bold contrasts are essential for good line work. 

9. Drawing or photographs for rq>roduction in half-tone 
should, where possible, be grouped for reproduction on one plate. 
They should 1>e done or mounted on a smooth surface, such as 
Bristol hoard, as the grain of most drawing papers becomes 
visible on production. Single photographs should be sent flat 
and unmounted. All prints should be on glossy bromide or 
gaslight paper, and trimmed to show only the necessary features. 
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Art. I.— Note on the Pollen of Nothofagus (Jxnnu ( Hook ) Oerst. 

By ISABEL C. COOKSOX 
[Read 12th April, 1945.] 

Nothofagus is represented in the flora of eastern Australia and Tasmania 

S ' three species. Of these N. Moore i (F. Muell.) Maiden, is restricted to 
ew South Wales and southern Queensland, N Cunningham (Hook.) 
Cent, to Victoria and Tasmania, whilst N. Gunnii (Hook.) Oerst occurs 
in Tasmania only. The pollens of N. Cunmnghamt and N. Moore i were 
described by Miss L M. Cranwell in 1939 (Rec. Auck. Inst. Mus. Vol. 2, 
No. 4, pp 184, 185). In this article the pollen of N. Gunm t is discussed. 

Unlike the pollens of N. Cunninghami and N. Moorei, which are of 
Cranwell’s N. M ensue sti type, the pollen of N. Gunnii is of the N. fusca 
type (Cranwell, lot. cit. p. 185). 

Description of Gratn .—Almost circular in polar view; size-range 
25‘5-39/i, the average being about 31/* Pores 3-8, exceptionally 3, mainly 
5-7, the majority 6; from one locality (3, table 1) 7-nored grains pre¬ 
dominated. Pores shallower than in grains of N. fusca, 2*6/* deep, 1-3-2/* 
wide, and 8-9/* long. Exine approximately 1 •3-1*75/*, not so strongly 
thickened around the pores as in N fusca, sculpture dearly defined, papillae 
less closely set than in N. fusca and rather more strongly developed. Cell 
contents dense, numerous starch grains present. 
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Furo-froqacnola la pellem of N Chm □ Loc. 2 ■ Loa 3 


HabitmrN. Gunnti U a deciduous, much-branched shrub, 5-8 feet in 
height, 

Distribution .—Restricted to high altitudes towards the western region 
of Tasmania. 

Plowring Ptriod. —December, 
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AftT. II .—The Resistance of SotHe Australian Timbers to Decay by Mute 

Fungi . 

By SHIRLEY WEBB, M.Sc. 

[Retd 14th June, 19451 

Introduction 

Very little mycological work has been done in Australia on the decay 
of mine timbers. This paper descril>e% some investigation carried out on 
Australian mine fungi, with particular reference to their ability to cause 
decay of Australian hardwood timbers. The fungi discussed were all 
obtained in pure culture from decayed mine timber or from fruiting bodies 
present in a lead-zinc mine at Broken Hill. An attempt was made to 
discover which fungi were responsible for the main decay of timbers in 
the mine and which were the most prevalent. 

The Fungi 

Comofhora cerebeUa Pers, Polyporus sonalts Berk, Trowctes serialts Fr., 
Porta xantha, Lind, non Fr. f and Merultus pinastri Fr. are the wood- 
destroying fungi which were isolated and identified. Others were isolated 
in culture and found to cause considerable decay but have not so far been 
positively identified. Throughout this paper all colours written in italics 
are taken from Ridgway’s Colour Standards and Colour Nomenclature (18). 

Coniophora cerebetla was isolated from decayed mine timber more 
frequently than any other wood-destroying fungus. It thrives in damp 
localities and is found commonly in mines and cellars throughout the world. 
This fungus gives rise to a dark-brown rot which can spread rapidly under 
moist conditions and its presence must be regarded very seriously. Hard¬ 
woods and softwoods are attacked indiscriminately and even the densest 
hardwoods are not immune to decay by this fungus. Its typical olive-brown 
warted sheets of fructification and black twine-like strands were seen 
spreading copiously in all the damp parts, of the mine Basidiospores from 
these fructifications measured from 7-11 X with an average of 
9*1 X6'7 /l This is the first record of the undoubted occurrence of 
C. cerebeUa in Australia. Scott (20) reported considerable trouble with 
jarrah (£. margtnata) and Red Gum (£. rostrata) paving blocks and 
considered that the decay was probably due to this fungus 

Polyporus sonalis was found to be the cause of serious white-pocket 
rot in the hardwoods, particularly in very moist situations.' In America 
this fungus is known to give rise to a white-pocket rot of hardwoods, 
including Oak, and is widespread in the tropics, causing decay iu tea and 
rubber plants. Brown (4) reports that Polyporus rugulosus, which is 
synonymous with P. sonalts, is present in very moist parts of the mines in 
South Africa. Dr. T. W. Bowen was good enough to forward a specimen 
of one of these fruiting bodies and it agreed in all details with the Australian 
form. He stated in a private communication that he had found it on mine 
timbers only, never above the ground, both in Southern and Northern 
Rhodesia and that it was undoubtedly in the copper mines of the Belgian 
Congo. He thought it was the most virulent wood-destroying fungus he 
had encountered. Cooke (10) notes that P. xonalis has been found on dead 
wood in Victoria and Queensland. 



P. MonaHt is able to form copious typical fruiting bodies underground 
and many perfect specimens were seen and collected The tough leathery 
fruiting bodies have a smooth maize-yellow hymeniura and narrow Incurved 
cream edge when young. The hymenium darkens as it becomes dldct 
and when dry is jt$sh»och*r to vinaceous-UKvny in colour, Ridgway (16) 
while in section the colour is lighter, from moiM-yellow to ptnkisk-buff, 
The upper surface is zoned and velvety and usually pale-yellow to warm* 
brown in colour. Encrusted cystidia are common in the hymenium and are 
considered by Bose (3) to be the most characteristic feature of this fungus. 

It Bhould perhaps be pointed out here that Oregon (Pstudotsupa 
taxi folia) was formerly used almost exclusively in the mine from which 
the fungi were isolated. However, owing to difficulties of supply during 
the last war, some Australian hardwoods were substituted. Although these 
timbers proved more resistant to decay than the Oregon underground, it was 
not until very recent years that they began to replace it to any extent. This 
replacement has now been accelerated by the practical exclusion of imported 
softwoods from the Australian market. Considering the presence of so 
much Oregon in the mine, it was not surprising to find wood-destroying 
fungi which are typical softwood rotters and would not be expected under 
normal conditions m Australia. The most common of these is Tramstfs 
serialis , which was found most often attacking Oregon, but was also seen 
to cause a brown rot of hardwoods. T. senalts is well known in Britain as 
the most important cause of decay of imported Oregon, but this is the first 
time it has been recorded in Australia. In America it is responsible for 
considerable brown rot of softwoods in buildings and in storage. Pilat (17) 
has reported that this fungus is found frequently in the coal mines at 
Pribram in Czechoslovakia. 

Many cream to chalky white fruiting bodies, ranging from small 
cushions to perfect bracket shapes, were seen in the mine. They became 
discoloured on bruising and showed tinges of brown on ageing and were 
thought at first to belong to Trametes serialis. However, pure cultures 
obtained from many of these were very different from T. serialis in culture; 
in fact, they resembled much more closely cultures of Polyporus fumosus 
Fr. as described by Cartwright (7). Similar cultures were obtained fre¬ 
quently from decayed timber showing brown rot. Until definitely identified, 
they will be referred to as Trametes species. 

Poria xantha was atso isolated from decayed Oregon in the mine 
although not as consistently as T. serialis and the Trametes sp. (A1 and D6). 
According to Cartwright and Findlay (8) who give a detailed account of 
the two fungi, P, xantha is the frequent cause of much decay in the wood¬ 
work of hot houses in Great Britain. It is also one of the principal fungi 
responsible for the decay of roofs of paper mills in Canada, but its presence 
has not been recorded before in Australia. The poroid fructification was 
found occasionally in the mine. It is resupinate and spreads as a thin 
sulphur yellow layer over the surface of the wood, The pores are normally 
small and rounded but occasionally become irregular and more elongated. 
The basidiospores are hyaline and allantoid and range from 3-7 X 1 *5-2 *5* 
the average size being 4-8x2/*. The fructification is characterized by $ 
sweet odour reminiscent of lemons. Badcock (1) noted this and recorded 
the scent as sweet Hmonene or almost lemon. 

Uerulius lacrymans, the dry rot fungus, was not seen or isolated from 
the mine timber. However, another species of MtruUus (AT. pinastri) was 
found to be very widespread on Oregon, causing considerable brown rot. 
It was not seen to attack any hardwood in the mine, even when this stood 



in immediate contact with Oregon badly decayed by this fungus. Cartwright 
and Findlay (8) record Jf. pinastri as a fungus of minor importance el*, 
softwoods in Great Britain, It is not often described or mentioned as a ’ 
Wood-destroyer. However, Burt (5), who described the fruiting bodies in 
detail, stated that they were found on decaying wood and bark, usually 
coniferous. Brown (4) mentions a species of MeruHus that is common in 
the South African mines at relatively high temperatures but does not give 
any description. She also notes the absence of M. lacrymans from the 
same mines. 

M. pinastri forms large perfect fruiting bodies in the mine, bracket¬ 
shaped or circular, according to their position on horizontally or vertically 
placed timber. They are usally found in the damper part of the mine 
associated with widespreading fluffy mycelium, which is white at the edges, 
but brown in the older portions. The young fruiting bodies have a thick 
rolled creamy white edge surrounding the pinard yellow hymenium which 
covers little tubercles or very short teeth. The teeth lengthen as the fruiting 
bodies age and become olivaceous brown in colour. Spores are yellow-brown 
and oval, measuring 3-5 X 2-3/* with an average size of 4 X 2*5 ^ The 
whole fruiting body is very soft and flabby when gathered, and the tissue 
of the pileus is yellow and stringy. Pure cultures were obtained from the 
fruiting bodies, but never from decayed timber. Growth was extremely 
slow in culture and, in making isolations from decayed wood, the fungus 
was always overwhelmed by faster growing moulds. 

Several other basidiomycetes were obtained in pure culture from decayed 
mine timbers, but have not yet been identified. One of these, referred to 
subsequently as D2, causes a brown rot and appears to be almost as virulent 
a wood-destroyer as Coniophora cerebeUa. 

Inoculation Experiments 

Experimental Procedure 

Experiments were carried out to determine the comparative resistance 
of a number of species of Australian hardwoods to decay by the mine fungi. 
Ill® experimental procedure differed somewhat from the standard method 
of testing the decay of timbers, in which oven-dried blocks arc placed under 
sterile conditions on a young mycelial mat of the fungus growing on malt 
agar in special Kolle flasks. In this type of test, the blocks are sterilized 
by the oven-drying alone, and not by subsequent heating in an autoclave. 
It is claimed that the extra heating in the moist atmosphere of the autoclave 
tends to soften the wood, and thus makes it Jpss resistant to decay by wood- 
destroying fungi. However, in an experiment carried out to test this, the 
loss of weight in unautoclaved blocks of messmate placed directly on the 
mycelial mat of C. cerebella was even greater than that in the autoclaved 
blocks subjected to attack by the same fungus (see Table 5). The fungal 
mat was not grown on malt agar, but on soil to which 10 per cent, of the 
accelerator, recommended by Badcock (2), had been added. This accelerator 
is made up of 50 parts maize meal, 30 parts bone meal, 17 parts potato 
starch, 2 parts sucrube, and 1 part wood ash by weight. When the blocks 
were autoclaved, the experimental procedure was always the same and, each 
timber was subjected to attack under similar conditions, hence the results 
should be strictly comparable. Kobe flasks were not available fqr these 
experiments, and the soil method of Leutritz (16) was used. This method 
appears preferable, as the conditions of the experiment approximate more 
closely to the natural condition of the mine. 
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Five hundred grams of oven-dry soil were placed in screw-top jar# of 
1 litre capacity, water was then added and mixed thoroughly with the 
soil, the percentage varying with the experimental series, usually 25 or 30 
per cent, Two mocks of the timber under test were imbedded in the Soil 
m each jar, leaving one comer projecting. (For aome experiments larger 
jars had to be used, with 800 grams of soil and four blocks instead of two.) 
The lids were placed loosely on the jars, which were then sterilised for 
30 minutes on three successive days in an autoclave at one and a half 
atmospheres pressure. After the final sterilization, the projecting corner of 
the blocks was inoculated with the appropriate fungus from a young culture 
on malt agar. The caps were then screwed down tightly and the jars kept 
for six months in an incubator room at approximately 25°C. 

The experimental blocks were taken from sound seasoned truewood and 
were of uniform size, 2XlXl inches, with the length running across the 
grain of the timber. They were oven-dried at 102-104°C. for four days, 
weighed and placed oven-dry in the jar*. In the standard test, a period 
of eighteen hours is recommended for oven-drying. It was found that this 
was not long enough for the complete drying-out of blocks of the heavier 
timbers, which lost considerably in weight after the first day. Since any 
timber will go on losing weight in very minute miantities over an extended 
period of time, it was decided lo take the oven-ary weight after four days, 
by which time the weight was approximately constant. At the end of the 
experiment, the blocks were removed from the jar, freed carefully from 
adhering soil and mycelium, and weighed immediately. They were then 
oven-dried again. Appreciable weight was still being lost by the fourth day. 
By the eighth day, loss in weight was negligible, and therefore oven-drying 
was carried out over a period of eight days instead of four at the end of 
the experiment. The percentage loss in oven-dry weight, based on the 
original oven-dry weight, was taken as a measure of the amount of decay. 
Controls were run with each series, the procedure for these differing only in 
the absence of any inoculation. The final oven-dry weights of the control 
blocks served as a check against any decay by intruding soil fungi. 

The Test Fungi. 

As many different species and isolations of wood-destroying fungi from 
the mine as possible were used in the inoculation tests in order to determine 
the most virulent forms, those still unidentified are designated by number# 
and letters atone. The following list sets out the forms used:— 

Coniophoro cfrebtUa— R2 and BJ1. 

Mtntliuj pinas tri — M16 
Poly poms sonalis—MZ 
Tronic les serialis —B9. 

TromcUs sp.—A1 and D6 
Poria xontho —A8 and A9. 

Polys tic tus versicolor —P2. 

Unknown—A3. 

Unknown— B9a. 

Unknown—D2. 

Polystictus versicolor has not been found in the mine, but is included in 
standard laboratory experiments for the determination of resistance to decay 
of hardwoods on account of its virulence as a wood-destroyer. It is a white 
tot fungus which is very widespread in Australia, and which is found in 
mines au over the world The culture used here was obtained from a fruiting 
body found on a rotten log in Victoria. 
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ConSopkora etrsbeUo proved to he the most virulent of the fungi in 
attacking the hardwoods* but the Unknown D2 also showed itself to be s 
Very potent wood-destroyer, causing definite decay in the more resistant 
hardwoods. The Trometss sp. (cultures A1 and Do) and the unknown A3 
caused some decay of the denser hardwoods and very considerable decay 
of the lighter timbers tested. 

Contrary to expectations, the decay caused by Polyporus sonalis was 
insignificant in most cases. This fungus was always seen in extremely moist 
situations in the mine* and it is thought that the moisture content of the 
experimental blocks was not high enough to permit this moisture-loving 
fungus to become really active. 

Great difficulties were experienced in inoculating timber with Merulius 
pinastri, and although many attempts were made* success was reached with 
only a few of the timbers tested. In cases where the fungus did grow, 
however, it attacked the softwoods readily and proved to be a surprisingly 
virulent destroyer of hardwoods, in contrast tn the related species, Af. 
locrymans. It is known from former experience that M. lacryinans, although 
so potent a wood-destroyer, is extremely sensitive in culture. It will stand 
little disturbance with an inoculating needle, and is easily killed Ity slight 
increases of temperature above the low optimum temperature. This 
sensibility in culture, combined with its extremely slow growth, explains 
the difficulty experienced in inoculating timber with this fungus. 

Porta xantha and Trametes ssriahs, both typical softwood rotters, were 
unable to produce decay in the denser hardwoods, but caused definite rot 
of the lighter ones. 

The Test Timbers. 

The principal hardwoods used in the mine to replace the softwood 
(Oregon) are blackbutt, messmate, and river red gum, but owing to practical 
difficulties of supply, many other timbers occur in lesser quantities. Samples 
sent down to Melbourne for specific determination included red bloodwood, 
mountain grey gum, tallow-wood, forest red gum, red mahogany, spotted 
gum, and brush box, in addition to the three species mentioned above. (The 
common names of timbers used in this paper are thosr listed as standard 
common names in “The Nomenclature of Australian Timbers” (21).) 

Little data based on laboratory experiments are available on the 
durability of Australian timbers. Cummins and Dadswell (11), in discussing 
the main pole timbers of Australia, stated that the figures for pole life were 
based largely on opinions or general results, and that no detailed records 
were available. They placed the timbers in three classes, according to their 
durability. In selecting timbers to be used for tests against the mine fungi, 
types were chosen from these three classes, in addition to the three main 
hardwood timbers of the mine. Those selected are as follows 
CelKfrb glauca —Cypreis pine 
EucotfPtvs copiitllata —Brown stringy bark. 

E. maenlata —Spotted gum. 

E. microcoryt —Tallow-wood. 

E. obliqua— Messmate. 

E. Blackbutt. 

£. regnmt —Mountain ash. 

E. rostraia —River red gum. 

B. taligno— Sydney blue gum. 

Pttndoitvgo tsxifoHo— Oregon. 
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Cypress pine was Classified by Cummins and Dadswell as '* very durable,* 
tallow-wood and river red gum as u durable” and spotted gum, m es sm a t e , 
and blackbutt as “less durable.' 1 Oregon was included in the tests for 
comparison with the hardwoods on account of its former widespread use 
in the mine. 

Two series of experiments were run for each timber, one in which the 
initial moisture content of the soil was 25 per cent, the other 30 per cent. 
All experiments ran for a period of six months. 

Eight blocks of each timber were subjected to attack by each fungus in 
each series. The percentage loss in oven-dry weight was determined, and 
the average for the eight blocks taken as the percentage loss in weight for 
a particular timber when attacked by the fungus in question. 

In experiments such as these, the timbers are exposed to the wood- 
destroying fungi under very favourable conditions for attack Thus the 
rate of decay is probably considerably accelerated However, the comparative 
resistance to decay can be determined in this way in a relatively short time. 
Under the more natural and fluctuating conditions m the mine, it is likely 
that decay would take place more slowly Valuable information on this 
point would be obtained by carrying out tests in the mine itself with samples 
of the different timbers. 

It should be pointed out here that in each case timber from one source 
only was tested Timbers of one particular species may vary considerably 
in density and toughness, and in its resistance to decay. In order to obtain 
really conclusive results in tests of this nature, samples of each timber 
should be taken from five or six different localities. However, the extensive 
facilities for carrying out such varied and widespread investigations were 
not available. The results obtained at least give an indication of the behaviour 
that can be expected from the different timbers when placed under conditions 
where decay is likely to occur Further work with timbers from varied 
sources is in hand. 

The attack by Comophora cerebella (Bll) on all timbers has been 
chosen as a typical example Complete figures are given for timbers of a 
high, medium, and low resistance when exposed to this fungus (see Table 
4 and Graph 1). Graphs 2 and 3 show the comparative effect of six typical 
fungi on all the timbers tested. 

Moisture Content of the Soil and Blocks. 

The moisture content of the timber varies tremendously in different 
parts of the mine. In the vicinity of those parts where ore is actually being 
removed and is replaced by sand which is flooded in with water, the timber 
is actually waterlogged. In other localities, particularly in the main stopes 
away from active removal of the ore, the timber is much drier. Decay is 
influenced largely by the moisture content of the timber. Timber with a 
moisture content of less than about 20 per cent, will not decay to any extent, 
because there is not sufficient moisture for the growth of the fungus. Timber 
which is completely waterlogged will not decay because there u insufficient 

S for the growth of the fungus. Between the two extremes, decay is 
t. The optimum moisture content of the timber for decay depends 
on the flpectfp, of the wood-destroying fungus, but is said to vary from 
30 per cent, to oO per cent of the oven-dry weight of the timber. For 
instance, Mtrulius lacrymans is able to attack timber with a very low moisture 
content, whilst Contophora ctrebtUa requires a much higher moisture content. 


FeHstmcc of Some Australian Timbers to Decay by Mine FtfnjfL 9 

Difficulty WU experienced in ascertaining optimum moisture condition* 
lor the fungi under test, and in obtaining similar moisture conditions in 
the blocks in each timber, Different timbers, or even different specimens 
of the same timber, will take up varying amounts of moisture under 
identical conditions. Cartwright (6) in discussing the decay of sitka spruce 
by TrameUs seriate noted the practical impossibility of obtaining samples 
of wood, which will, under the same condition*,, take up equal amounts 
of water. This makes it doubtful whether extreme accuracy in controlling 
these factors would not be wasted 

In the early stages of the work, an experiment was carried out with the 
purpose of determining the most suitable percentage of moisture for the soil 
in the jars. The non-resistant timber, mountain ash, was exposed to attack 
by three different isolations. of the potent wood-destroyer Contophora 
cerebelb at different soil moisture contents. The cultures used were B2 
and Bll, already mentioned as having been isolated from decayed oregon 
and B3, which was obtained from brown rot in messmate. Four series were 
carried out with each fungal culture; in the first senes the moisture content 
of the soil was 20 per cent., in the second 25 per cent, in the third 30 per 
cent., and in the fourth 35 per cent. The results are set out in Table 1. 


Tablk 1,— Eucalyptus mffnans— Exposed to Tubes Difpeeekt Strains or Comophoro 
urebeUa rat Six Months; with Vaiyimg Moistutc Contents or the Soil. 
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.The figures in the second column, referring to the percentage moisture 
contents of the blocks, were obtained by taking the average moisture content 
of the controls for each series at the end of the experiment This is seen 
to rise with increase in moisture content of the soil and reaches nearly 
100 per cent in the 35 per cent series. The amount of decay was 
considerable in every case, but did not vary greatly in the first three series. 
In the fourth, however, the amount of decay was significantly lower for 
each isolation, and the statistical analysis of the results showed the effect of 
moisture content to be highly significant The moisture content in these 
blocks was obviously above the optimum even for the moisture-loving 
C. cerebeBa (see Graph 1). 

It was decided, in view of these results, to use the two series with 
medium moisture contents of the soil for all future experiments. In the 
first series, the amount of water added to the soil was 25 per cent, of its 
oven-dry weight In the second series 30 per cent was added. The 
percentage of moisture taken up from the soil by the blocks varied 
considerably and could not be controlled accurately. The lighter timbers, 
such as mountain ash, messmate, brown stringy bark, oregon, and cypress 
pine took up much more moisture than did the denser timbers blackbutt, 
( river ted gum, spotted gum, and tallow-wood. An indication of the moisture 
* content of the blocks during the experiment was obtained from the moisture 
content of the controls at the end of the experiment Figures for these are 
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given in Tables 2-5^ together with the loss in weight due to decay in the 
inoculated blocks. Extra control jars were set up in one experiment, and 
these were opened after different periods of time, from one to six months, 
and the blocks used for moisture content determinations. From these it 
was seen that the amount of moisture in the blocks was approximately the 
same at the end of the experiment as during the first and following months. 
This was not the case, however, in the inoculated blocks. When decay took 
place, the timl*r took up more moisture and became spongy and less dense. 
Thus as a rule, the greater the decay, the higher was the moisture content. 

A comparison of Graphs 2 and 3 will show the difference in the amount 
of decay caused by several of the fungi in the two series of soil moisture 
contents. In the majority of cases, the amount of decay was somewhat 
greater in the blocks of the scries with soil at 25 per cent, moisture content. 
This even held for the attack by the moisture-loving Conwphora ctrebella, 
except with the timlwr Sydney blue gum, where considerably more decay 
was present in the scries with 30 per cent, soil moisture content than 
with the 25 per cent, senes. 

The percentage of moisture in the blocks seemed to be suitable for 
decay by all fungi except Polyporous sonalis . The amount of decay caused 
by this fungus in Ixith scries of experiments was never great, and it is 
thought that this was prot>ably due to an insufficiency of moisture. P. 
zonal is, unlike other mine fungi, caused extensive decay only in those parts 
of the mine where particularly moist conditions prevailed, and where the 
timber was dripping with moisture. It would, therefore, be desirable to 
test cultures of this fungus on blocks in soil with a considerably higher 
moisture content than that used in the tests already described. Preliminary 
tests have indicated that considerably more rot would be caused by P. gonalts 
at a soil moisture content of 45 per cent. 

No statistical analysis of the difference in resistance of different species 
of timber was carried out, since each species was represented by material 
from only one source. However, the results obtained indicated that the 
species examined fell into three groups of resistance, namely, high, medium, 
and low resistance, which appeared very well demarcated. Since the different 
species differed in the variability of the loss in weight as well as in the mean 
lots obtained with each fungus, each was analysed separately and each 
fungus in each moisture content regarded as a different treatment. 
Significant differences of treatment means were worked out for each Bpedes 
of timber, the significant differences being based on the average variance of 
treatment means for the species. These figures are included in Tables 2 
and 3. Thus, the significant difference at the 10 per cent. level for mountain 
ash is 12-41—this means that if the difference between the mean losses 
caused by any two fungi attacking this timber is higher than 12-41, there 
is a significant difference in the virulence of those fungi towards it. For 
example, C. arebeUa can be expected to cause more rot of mountain ash 
than can Porta xantha, but the latter fungus cannot be expected to cause 
more rot than the unknown fungus A3. 

Experimental Results. 

Owing to the bulk of the tables, complete results for all experiments 
are not included, a summary of the results is given instead, In Tables 2 
and 3. Complete figures for the attack by Coniophora errebeUa on a timber 
from each of the three groups of resistance, high, medium, and low, are 
given in Table 4. Graphs 2 and 3 show the comparative effect of six 
typical fungi on all the timbers tested. 
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Key for Graphs 

The test timbers are numbered as follows — 

1 Eucalyptus regwanj—Mountain ash. 

2 E. obhqua —Messmate 

3 E. capitellata —Brown stringy bark 

4 £. mhyao—Sydney blue gum 

5 fi pthdorts—B 1 ackbutt 

1 6. £ mocu/oto—Spotted gura 

7. £. rosfrato—River red gum 

8. R mirroearys —Tallow-wood 

9. Colltiru glauca —Cypress pine 

10. Pstudotsuga taxifoHa —Oregon 
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Discussion of Remits 

Blackbutt, spotted gum, river red gum, and tallow-wood were by* far 
the most resistant timbers tested, and they exhibited very much the same 
behaviour towards each of the fungi used. The statistical analysis showed 
that the differences in loss of weight due to decay were not significant and 
did not allow of comparison between these timbers. Coniophora certbtlio 
and the unknown fungus D2 caused the greatest Iobs in weight, but even 
with these virulent wood-destroyers decay was not really severe. Poria 
xantha, Polyporus sonahs, and the unknown B9 a did not give rise to 
significant loss of weight in any of these timbers, whilst Trametes sp. (A1 
and D6) and the unknown A3 caused slight decay. The decay due to 
Trametes seriahs and Polysticus versicolor was negligible except in the case 
of spotted gum, where attack was noticeable but not severe. Merultus 
pinastri caused an average of 8 per cent loss in weight in river red gum, 
but practically none in tallow-wood. Its effect on blackbutt and spotted 
gum is not known, as inoculations of the fungus against this timber were 
not successful. 


Mountain ash proved to be the least resistant of all the Australian 
hardwood timbers tested. It was attacked very readily by each fungus to 
which it was exposed, whether it were a hardwood or softwood destroyer. 
P. xantha and T. seriahs decayed this timber to a considerable extent, and 
after six months exposure to attack by C. cerebella and the unknown B9a, 
the blocks could be crumbled easily in the hand. 

Messmate was not attacked quite as readily as mountain ash, but did not 
prove to be a resistant timber. The softwood rotters, P . xantha and T. 
seriahs, and the unknown brown rot forms (A3 and B9 a) were able to 
cause appreciable brown rot in this timber, whilst attack by C. cerebella 
and Trametes sp. D6 was even more severe. 

Brown stringy bark was more resistant than the two previous timbers 
to attack by P. xantha and 7\ serialis, but was definitely decayed by Trametes 
ap- (A1 and D6) , C. cerebella, P. eonalis, and M. pinastri . Brown stringy 
bark was one of the few hardwood timbers with which the inoculation of 
M. pinastri was successful, and it proved very susceptible to attack by this 
fungus, 40 per cent, loss of weight being caused in the one series and 
23 per cent, in the other. 


Sydney blue gum was resistant to attack by P. xantha and P. sonalis 
and the unknown B9a, and only showed very little decay with T . serialis 
and Trametes sp. (Al). However, in the series with the higher moisture 
content of the soil, it was no more resistant to decay by C. cerebella than 
was messmate. 


The only Australian softwood timber to be tested was cypress pine 
(CaUtins glauca ). For reasons that are discussed later, the results with 
this timber were verV variable. With 25 per cent, moisture content of the 
sou, considerable rot was caused in most blocks of cypress pine by P. 
**•£■ (A9), bv Trametes sp. (D6, but not Al), by M. pinastri, C. 

“ ut "Ejky the v,rulen t Bll, and the moat severe rot 
by the potent rotter D2. With 30 per cent, moisture content of file soil, 
however, D2 caused practically no rot at all, and the two isolations of 
C. cerebella oxAy slight rot Most rot was caused in this series by P. xantha 
A8, Trametes sp. (D6), and M. pinastri . 
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' In view of the fact that Oregon was used formerly almost exclusively 
in the mine, tests were carried out with this timber for comparison with 
the Australian hardwoods. Extreme decay resulted in every case, with 
hardwood and softwood rotter alike, except with P. zona Its where rot was 
significant but not high. Oregon proved to 1>e less resistant than mountain 
asn, the least resistant of all tne Australian timbers tested. 

The classification of pole timbers according to their durability as set 
out by Cummins and Dadswell has already been mentioned. Although used 
for very different purposes, and under different conditions from mine timbers, 
•pole timbers are subjected to conditions favourable for decay at the ground 
line, and a durable pole timber, just as a durable mine timber, must be 
resistant to d&ay in contact with the ground. Cummins and Dadswell placed 
tallow-wood and river red gum in the 11 durable ” class, but spotted gum 
and blackbutt, together with messmate, were classified as “ less durable.” 
It is interesting to note that in the experiment** described above, both 
spotted gum and blackbutt proved to be quite as resistant to attack by 
wood-destroying fungi as tallow-wood and red gum. Messmate behaved 
according to expectations from this classification, and proved considerably 
less resistant to attack than the above-menioned timliers. The results with 
messmate are not in agreement with those of Findlay (15), who included 
it when testing the natural resistance to decay of some Empire timbers. 
His figures for the decay of messmate were remarkably low compared with 
the Australian figures. When attacked by Conxophora cercbclla, the loss of 
weight after a period of eight months was 6*5 per cent, in Findlay's 
experiment. In contrast to this, reference to Table 2 shows that messmate 
lost 28 per cent, of its weight when exposed to attack by C. cerebeUa for 
six months with the soil method. Findlay was using the standard Kolle 
flask method, in which the unautoclaved blocks are placed directly on the 
mycelial mat, but the difference in experimental method cannot he responsible 
for such a remarkable difference in the loss of weight per cent. In a test 
mentioned earlier, in which unautoclaved blocks of messmate were placed 
directly on the mycelial mat of C. cerebella, in a comparable way to the 
Kolle flask test, the loss of weight was 32 per cent., a little higher even 
than that achieved in the soil method experiment. 

Findlay considered tallow-wood a rtfsistant limlier. He obtained slight 
loss of weight, but regarded this as due to loss of extractives and not to 
decay. In the experiments described in the present japer, there was 
invariably some loss of weight in the controls, and this was considered to 
be due to loss of water soluble extractives. It can be noted that the figures 
for the loss of weight in the tallow-wood controls were very slightly higher 
than those in other hardwoods. 

Mountain ash, which proved the least resistant of the hardwood timbers 
tested, was not included by Cummins and Dadswell in any of their durability 
classes. It is not regarded as a suitable pole timber, and in generally known 
to be very susceptible to decay. Dadswell (12) pointed out that mountain 
ash is not suitable for use in contact with the ground, and the experiments 
with the exposure of this timber to the mine fungi confirm this statement. 

Cypress pine was classed as “ very durable " in the ground. Cummins 
and Dadswell (13) have shown that its durability is due largely to a volatile 
add, lor w hich the name callitric acid was proposed. It was doubtful at 
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the outset, therefore, whether the type of test used here, with its prolonged 
heating in the oven and autoclave would prove suitable for such a timber. 
A certain amount of the volatile acid was bound to be lost during heating, 
and the resistance to decay thus diminished. As was expected, the results 
were variable, some blocks proving quite resistant, while others were strongly 
attacked by the same fungus, The average of the loss in weight of the 
eight blocks seldom gave a true picture of the results. In many cases, three 
blocks in one jar lost little weight, while the fourth was decayed considerably: 
(Larger jars were used in this experiment and four blocks were placed in 
each jar.) The variable results were no doubt due to the unequal loss of 
the volatile acid and did not give a reliable indication of the real durability 
of this timber. 


Summary 

Chief among the wood-destroying fungi isolated from decayed mine 
timber or from fruiting bodies found in an Australian zinc mine were 
Contophora arebella Pers., Polyporus sonalis Berk., TramtUs serialis Fr., 
Porta xantha Lind non Fr., and Merulius pittastrt Fr. Others were isolated 
but not identified. C. ccrebclla and an unidentified isolation, D2, were the 
roost potent of the wood-destroying fungi. 

Inoculation experiments, using soil as a medium, were carried out to 
test the comparative resistance of a number of Australian timbers to decay 
by these fungi. Percentage loss in weight, based on the oven-dry weight, 
was used as a criterion of the amount of decay. 

Two series of experiments were carried out for each timber. In the 
first scries, the moisture content of the soil was 25 per cent., in the second 
30 per cent. The lower percentage of moisture gave better conditions foi 
decay in the majority of cases, but there were exceptions. 

Blackbutt (Eucalyptus pilularis) t spotted gum (E. maculata), rivet 
ced gum ( E. rostrata ), and tallow-wood ( E . microcorys) were outstanding 
in their resistance to fungal attack and although decayed to some extent by 
Contophora ccrebella, the attack was not nearly as severe as in the case of 
the poorer timbers. 

Mountain ash ( E. regnans) was decayed very readily by every fungus 
tested. Messmate ( E . obhqua) was not attacked quite as readily, but did 
not prove to be a resistant timber. 

Brown stringy liark ( E . capttcUata) and Sydney blue gum (E. saltgna) 
were very susceptible to attack by the potent wood-destroyer C. cerebelU^ 
but were considerably more resistant than mountain ash and messmate to 
the other less virulent fungi. 

Results with cypress pine (CalUtris glauca) were variable, protably due 
to unequal loss of the volatile acid to which it owes its durability. 

The important softwood oregon (Pseudotsuga taxifolxa) was decayed 
even more readily than mountain ash. 
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Appendix 

Cultural Characteristics or tub Mine Fuxgi. 

Coniophora eercbella Pers. (B2 and Bll) are two isolations of t\ eerebetla 
resembling the type described by Cartwright and Findlay (8) as the u Idaweiche" 
variety. Growth commences as long white tufts from the inoculum and the colour 
develop! quickly, passing frnrn straw yellow through various shades of brown r ihe 
whorled clamp connections characteristic of C. ccrebclla can be seen on about the fourth 
day, just behind the tips of the young aerial hyphae. They are not seen in old 
cultures. Hyphae are straight and broad, usually about 4m in diameter, but they may 
reach IGm. Strand formation is rapid, but whereas the strands on malt agar usually 
remain light m colour, in cultures on wood blocks they become very dark and resemble 
closely those formed in nature. A tough velvety tubercular hymenial layer, from 
Dresden brown, raw umber to Saccardo's umber forms vciy frcquentl> m older cultures, 
particularly in those on wood blocks, with tlie production of oval to almost globose 
brown basidiospores. In B2, these measure 6 X 4-7m with an average of 7-5 X 5a. 

Meruhus pitutstri Fr. (MIG).—Pure cultures of this fungus were obtained from 
the fruiting bodies, but never from rotting wood. The aerial mtcclium on malt agar is 
at first thick, white, and fluffy, hut as growth proceeds the mjeehum in the centre 
turns Pinard yellow to Ftnpire y cllotv and then various shades of brown, from amber 
brown to Sudan brown, Argus Itrxswn, or cinnamon brown , It always remains very 
«oft and fluffy and never becomes tough. Hyphae are from 1*5 to 4m in width and do 
not bear clamp connections. The mycelium acquires a powdery appearance due to the 
fm mat ion of numerous secondary spores, similar in size and shape to rbe hasidiospores, 
but borne terminally or in an intercalary fashion on the mycelium. They are oval 
and brown in colour, measuring irom 3-5-6 X 2-5 m with ;ui average of 4-2 X 3*2> 
Fine silky strands cling to the wall of the test tube or in wood block cultures pass 
from the blocks out on to the neighbouring soil and up the wall of the jar. Growth 
m culture is extremely slow, a colony only reaching a diameter of approximately 2 cm. 
m fourteen days. 

Polyponu tomtits Berk. (Syn: Polyporus rugulosus).— The cultural characteristics 
of thii white rot fungus have been described by Davidson, Campbell and Vaughan (14). 
Growth on malt agar is at first very long, white and silky. The aerial hyphae arc 
straight and broad, up to 4m in diameter, and do not bear clamp connections. Also 
typical are the mosaic-like sheets formed by the union of short hyphae. The aerial 
mycelium soon flattens, becoming ptnkuh-bufi in colour and forming a dense flannel-llLe 
mat Small velvety pale orange yellow lumps appear here and there and show on 
microscopic examination the encrusted cystidia so common in the hymenlurn of the 
fruiting body. Basidiosporcs have not been seen in culture. 
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Tram*tet strialis Fr. (B9).—The cultural characteristics of this fungus have tries 
described in detail by Cartwright and Findlay (8) and by Snell (19). The Australian 
isolations agree very closely berth as to macroscopic and microscopic characters. 'Growth 
on malt agar is at first somewhat sodden and appretsed, but soon becomes more cotton- 
woolly. The mycelium is white, but later shows tinges of salmon colour and light 
salmon orange and small patches of bistre brown, particularly at the top of the slope 
where growth is more luxurious than in the lower portion and tends to plug the tube. 
Numerous single clamp connections arc seen on the aerial and submerged mycelium. 
Chlamydotporcs arc present ami are usually oval and intercalary, but are occasionally 
rounded and terminal. They range from 8*5-21-5 X 6*5-11 *Sm ( with an average of 
12 X 8* Fine folio^e fructifications develop, sometimes after a week or ten days, 

E rtkularly on the inoculum, and produce typical basldia and basidiospores. The 
ikliosporcs arc oval and hyaline, and range from 4-6 X 2 m3m. 


Trametes sp. (A1 and D6).—It has already been mentioned in the course of the 
paper that many cultures obtained both from fruiting bodies and from decayed wood 
lesembted those of Polyporus fnmosus, as described by Cartwright (7), although the 
fruiting bodies were thought to belong to Trametes serialis. Typical of these cultures, 
which are referred to as Trametes sp throughout the paper, are the isolations A1 and D6> 
A1 was obtained from hardwood showing brown rot, D6 from brown rot in O r egon. 
Growth on malt agar is at first white, soft, and downy, but soon becomes tufted and 
very powdery and light-buff in colour. The powdery appearance is due to the formation 
of very numerous chlamydospores on the aerial mycelium Many single clamp 
connections are present and they sometimes give rise to branches. Hyphae are mostly 
fine, 1-2m in diameter, but may reach a width of 5 or 6m. Rhomboidal crystals 
are common. 

The chlamydospores are mostly terminal and often borne in dusters, but are 
sometimes intercalary. In cultures of Al, the chlamydospores range from in 
diameter, with an average of 7* 5m. In D6, they range from 5-10 X ±-7 m, with an average 
of 7*3 X 5*4 m Chlamydospores arc also very numerous in the tissue of the fructification. 
Sma 1 velvety pads of fructification are formed in culture of both Al and D6 They 
usually turn yellow to brown in colour when formed on malt agar, but when produced 
on wood blocks arc often large and cushion-like, Mid remain white to cream for some 
months before turning bistre brown. They produce basidia and hyaline basidiospores 
m a hymen mm-like layer. In Al, the basidiospores nre 4-5 X 2*5-4 m, with an average 
Mie of 5-2*5m Findlay and Cartwright (9) describe the cultures of P. fumostu a« 
being soft, thin, and farinaceous to powdery, at first white then pale cartridge buff. 
w-fth numerous secondary spores averaging &-1 Qm, borne in tufts. Cartwright (7) gives 
turtner details of the culture of P. fnmosus , mentioning the above features, and also 
™ rhomboidal crystals and the formation of hymenial surfaces with 

noriTOil basidia and basidiospores and hyphae measuring 1-5m in diameter, though mostly 
1 *Wm It can br seen that there arc very strong resemblances between the cultural 
characters of Polyporus f unto tvs and those of Al and D6. However, as no cultures 
\\ arc available for comparison, it is thought ndusable to refer cultures 

of Al and D6 to Trametes sp. 


Porta x ant ha Lind ^ non Fr. (A8 and A9)—These arr two isolations of Porta 
jraMAff from brown rot in Oregon. The cultures agree very closely with the description 
given for this fungus hy Cartwright and Findlay (8). A very pronounced sweet 
T ni,0n i??- e odour characterise* the cultures, and is noticeable by the sixth or seventh 
day. This confirms the observations of Badcock (1) who reports that P. xantha has 
an odour resembling liminene, or almost lemon. This xlour is also a feature of the 
fructi neat ion 


Growtfr'on malt agar is fine and cobwebby, and never luxurious Fine white or 
yellow ■trawh pass out from the inoculum over the surface of the agar. Hyphae are 
nne^and single clamp connections arc numerous in aerial and submerged mycelium. A 
pored hymenial layer soon forms at the top of the slope and gradually cover* the 
greater part of tnu surface. In cultures of A8 it is chalky-white to cream, whereas 
in cuitures of A9 it is picric yellow to pale lemon yellow in colour. Typical small 
allantoid baaidiospures are formed abundantly on the hyraenium In A8 they range 
In "**' * itl l “ nwngt of 4-7-2 m. Measurements for baridlo- 
Ti7 X 2m a 10051 ldentlca * with * ^ of 3-7 XI *2-2* 5 m and an average 
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Unknonm A3 was isolated in culture from decayed messmate with light-brown 
stringy to spongy rot. The culture on malt agar Is thick, flat, white, and felted, and 
even old cultures rarely show any change of colour except for a slight yellowing. No 
secondary spores are seen in culture, either on matt agar or on wood blocks. Single 
clamp connections are numerous on the submerged mycelium 

Unknown B9a Is an unidentified baaidiomycete isolated from Oregon with brown 
stringy rot Early growth in culture on malt agar is thick, white, and fluffy, but the 
mycelial mat becomes felted with age It remains pure white even in old cultures, 
Single clarpp connections occur frequently, and numerous rounded, oval, or pear shaped 
chlamydospores are present, ranging from £-16 X 6-12/*, with an average size of 
11 Xtip. Rather spiky coral-Hkc white abortive fructifications form around the inoculum 
and produce small oval hyaline basidiospores. The measurements of these are from 
4 h6 X 2-3m, with an average of 5 X 2*5/*. 

Unknown D2 was isolated frequently from hardwood timber with a dark-brown 
stringy rot, but was not identified. A pure white cotton-woolly mat forms rapidly on 
malt agar and soon blocks the whole tube. There is little alteration in appearance M 
the culture ages, except for a change to erf am tolour or light-buff. The hyphae are 
extremely broad, usually from 6-2tyi in width, *nd show short blunt brandies. No 
clamp connections are formed Round to oval chlamydospores are very common, and 
range from 9-14 X 5-1U, with an average rise of 11-5X7-&*. When crushed the 
culture has a pronounced mushroom odour 
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Aht. III.— A Fossil Beaked Whale from Lakes Entrance , Victoria . 

By M. F. GLAESSNER, Ph.D. 

[Read 14th June, 1945.) 

Abstract 

The rostrum of a large beaked whale, derived from the Kalimnan (Pliocene) of 
Gfftland, i» described. It is conspecific with a ziphiid rostrum described by Chapman 
from Western Victoria which is recognized as Mesoplodon lonairostns. The taxonomy 
and stratigraphic distribution of Mesoplodon are discussed. Physiological explanations 
of peculiar structural features of the ziphiid rostrum are reviewed. 

Introduction 

The first report on a rostrum of Mesoplodon (Cetacea, Fam. Ziphiitlaej 
in the Tertiary of Victoria was published by F. Chapman (191/). He 
described one well-preserved and one fragmentary specimen from the 
Kalimnan (Pliocene) of Grange Bum, near Hamilton, Western Victoria. 

During the early stages of the excavation of a shaft near Lakes Entrance, 
Gippsland, about 1942, another rostrum of a beaked whale, of rather different 
general appearance, was found Mr. Chapman, to whom the fossil was 
submitted, identified it as Mesoplodon , apparently conspecific with that 
described by him in 1917, Permission to examine and describe the specimen 
was obtained by the present writer from Mr. C. S. Demaine, of Melbourne, 
who also supplied detailed information al>out its occurrence. Mr. Chapman's 
valuable type specimen and a skull of Mesoplodon grayi described by 
Brazenor (1933) were made available for comparison by the late Mr. D. J. 
Mahony and Mr. R. A. Keble, of the National Museum, Melbourne. 

Genus Mesoplodon Gervais, 1850 

This much-discussed genus includes nine living species (Raven 1937). 
Most of the fossil remains assigned to it consist only of parts of the cranial 
rostrum. Detailed studies of numerous Recent skulls have shown that the 
most important specific characters recognizable in the rostrum of Mesoplodon 
arc:— 

(1) The presence or absence of the basirostral (maxillary alveolar) 

groove; 

(2) The relative position of the premaxillary and maxillary foramina 

at the base of the rostrum; 

(3) The lateral outline of the base of the rostrum, 

(4) The relation of bones participating in the formation of the region 

of the antorbital notch. 

In connection with (1), it may te mentioned that vestigial teeth arc 
present in the gums of the upper jaw in some forms, and that the shape and 
position of the large mandibular teeth are taxonomically important features. 
However, teeth do not usually occur in their original connection with fossil 
cranial rostra. 

The significance of the character mentioned under (2) was explained 
by Raven (1937, p. 6), who stated;— 

“ The conspicuous maxillary foramen which affords an exit for the principal branrh 
of the nervut infraorbitalis is situated close to the lateral border of the premaxillary 
bone, where the latter is constricted at the base of the rostrum The premaxillary 
foramen in Mtsoplodon is always located at the rostral border of the very slight 
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depression that marks the site of the ventral spiracular. or premaxillary mc* In mu 
species of Mesoplodon the premaxillary foramen ii in advance of the adj&osat maxillary 
foramen, in other species behind the maxillary foramen This dep en ds upon the Sue 
and shape of the sac. t In M. europaeus the sac is relatively long, consequently the 
premaxillary foramen is decidedly in advance of the maxillary foramen. H 

As the shape and the state of ossification of the median and distal parts 
of the rostrum are known to vary greatly with age and sex, they do not 
possess any taxonomic value This was recognized only after a considerable 
number of fossil representatives of Mesoplodon had been described. The 
published descriptious and figures of most of these fossils do not indicate 
any differences in essential specific features. Differences previously 
considered as specific and even generic are almost exclusively those 
distinguishing Recent individuals of different sex or age. 

At the present time not more than one fossil species of Mesoplodon 
tan be definitely recognized and characterized. This was first stated by 
Abel (1905, p. Ill) who, after examining 18 fossil specimens of Mesoplodon 
from Antwerp, came to the following conclusion:— 

11 11 nr pout subsndcr dc it out e que touted lei difference* qui existent entre lei rostres 
de Mlsoplodontes fos&iles connua jusqu’A present, ne iumsent pas pour fonder de 
nouvclles csp&ct*, a plus forte raison different! genres. La forme et lei differences 
de grandeur, ainsi que lo degr£ d’ossification du vomer varient extremement; on aeniit 
oblige, en poussint la minutic aussi loin que R. Owen, du Bus et Capellini, dc diatinguer, 
dans 1c Bolderien d’Anvers, nun moin* de 15 a 18 esp^ces.” 

Abel placed not less than 25 species, described under six generic names, 
in the synonymy of M. longirostrts, but only about 15 of these are based 
on material which is comparable with the type. Kellogg (1928, p. 61) has 
pointed out that the numlier of Recent species of Mesoplodon makes it likely 
that several species of this genus existed contemporaneously in late Tertiary 
time. This probability, however, does not justify the use of specific names 
based entirely on characters which are known to be variable within the 
limits of Recent species. 

Mfsoplojxjn lonmkostris (Cuvier), 1923 

(Plate 1 , Text fig 1) 

1823— Ziphius iongiroitns Cuvier, OsemenH foniles, p. 356, pi. 27, figs. 9, 10. 

1851 —Mcsodiodrm lonqnoslre (Cuvier) : Dmcmoy, Ann. Sci. Nat, Zool, ser, 3, vol. 15, 
p. 60, pi, fig 5 (holotype re-figured). 

1852.— Dwplodon beecanu Genais, Zool. Pul, Franc, vol 2, p. 38 (not seen). 

1856.— Ziphius lonqirastm Cuvier. Owen, Quart J Geol. Soc, vol 12, p. 288, fig. 24 

1864.— Beiemnosiphius comptissus Huxley, Quart. J. Gcol. Soc, vol. 20, p. 393, pi. 19, 
figs A-D. 

1868— Brlemnosiphius rerun us Du Bus, Bull Acad, Roy, Belg, sir 2, vol. 25, p 630 
1870— Ziphius lonqirosiris Cuvier. Owen, Palaeont. Soc., vol. 23, pp 6, 7. 

1870— Ziphius ffibbvs Owen, ibid, p 17, pi. 2, fig. 2, pi 3, fig. 3. 

1870 — Ziphius angustus Owen, ibid, p. 19, pi. 3, figs 1, 2. 

1870.— Ziphius angulatus Owen, ibid, p. 20, pi. 4, figs. 1, 2. 

1870— Ziphtus mcdiUncatus Owen, ibid., p 22, fig. 10, pi. 4, fig, 3 
1870— Ziphiuj tenuirostru Owen, ibid., p. 24, pi. 5, figs. 1, 2. 

1870.— Ziphius compresses Owen, ibid., p 25, pi. 5, fig. 3. 

M876.— Belemnosiphhs prorops I eidy, Proc Acad. Nat, Sci Philadelphia (1876), p. 81. 

9 1877 ^-Dioplodon prorops Leidy, J. Acad. Nat. Sci, Philadelphia, vol. 8, ser. 2, p. 221 
pi. 30, fig< 3, 4 
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1185 f—DMfldo* loatfnttru (Carter): Capellini, Hem. Roy, Acad. ScL Bofognju 
•er* 4* vd. 6, p. 294, pL 1, fifi. 1-3. 

1885^—Dwpfcxto* gibbw (Owen): Capellini, Ibict, p. 295, pi. 1, figs. 4,3. 

1885 —Dioplndan medilmeotut (Owen): Capellini, ibid., p. 298, pi. 1, fig. 12. 

1885 .—Diophdon tmuirostris (Owen): Capellini, ibid., p 296, pL 1, figs 6-8 
1885 .—Dioplcdon boncmifhsis Capellini, Ibid., p. 296, pL 1, figs. 9-11. 

1885 .—Pioptodon stnensu Capellini, ibid., p. 298, pi. 1, figs. 13-18. 

1885.*— Dioplodo* lawleyi Capellini, ibid, p 299, pi. 1, figs. 17, 18 

1887 .—Diopiodon lotu/trostrij (Cuvier) : Lydekker, Catat. foss. Mammals Brit Mus» 
vol. 5, p. 68, figs. 13, 14. 

1890— Mt top fa Jon fioris Newton, Quart. J. Geol. Soc, vol 40, p. 448, pi. 18, fig 7. 

1891 —Metoplodon iongirostrit (Cuvier)• Newton, Vctebr. Plioc. Dep. Britain (Mew. 
Geol Survey), p. 8, fig. 7? 

1891— M*sc?lodcn tenuirostns (Owni, gibbus (Owen), mnur/uj (Owen), onpidriftu 

(Oven), eornprr*Mt\ (Huxley) Newton, ibid, p /3 

1P91 —Mesofhdop florts Newton, ibid, n 71 
p. 371, pi 1, fig« 2 6 

1891 —pioptodoH farnesmae CjjkIImii, Mem. R. Accad Sci Hologna, ser. 5, vol. 1, 
M891 —ihollodon trnuirostni (Owen) Capellini, ibid, p. 371, p] 1, fig. 7 (very small 
fragment, tndet .) 

1905 —Mcsopbdon fongirostns (Cuvier): Abel, M£m. Mus. Roy. Hist. Nat Brig., 
vol 3, p. 110. 

1917— KTrsopladon comprcssvs (Huxley). Chapman, Proc. Roy. Soc. Vic., vol 30, 
ns, p 35, pi. 4, figs 1-4; pi. 5, figs. 7-11. 

Diagnosis. Rostrum long, narrow, and pointed, resembling in shape that 
of the living M. grayx, slightly inflated in its proximal half, strongly 
compressed laterally, oval in cross section Length variable Mcsorostral 
ossification well developed, in young specimens only in the distal portion of 
the rostrum, in adult individuals filling the entire length of the space between 
the premaxillaries and finally fused with the mesethmoid. Alveolar 
(basiroslral) groove developed as a fairly deep furrow with sharp edges along 
the flank of the rostrum. Premaxillary and maxillary foramina situated 
(as in M. bidet ja and M . mints) approximately on the same transversal line, 
not far behind the 14 inner notch.” The premaxillary foramina are slightly 
smaller than the maxillary foramina The nwxillary ridges are weak. The 
area of attachment of the palatines ends in a single anterior point The 
posterior ventral part of the rostrum forms a triangular downward 
projection most of which was appaiently covered by the pterygoids. 

Distribution of Meaoplodon longirottri* 

Vll IORIA 

The new specimen was found in a shaft in allotment 31, Parish of 
Col(|uhoun, County of Tatnbo, Gippsland, less than 1 mile north-east of 
flakes Entrance, 6-7 feet below the present surface and at an elevation of 
aliout 80 feet above sea level It was resting on the surface of a calcareous 
bed considered as the top of the Kalimnan (Pliocene) which is in this 
vicinity about 160-170 feet thick (Singleton 1941, Crespin 1943). The 
specimen was evidently weathered out of late Kalimnan beds more or less 
in situ and, subsequently, with some of the hardened fossilifcrous matrix 
still adhering to it, embedded in non-marine post-Kalimnan (Upper Pliocene 
or Pleistocene) clays which in this area overlie disconformably the Kalimnan 
strata. 

10896/46.—3 
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Chapman's specimen came from Grange Burn in Western Victoria, * 
where 41 the typically Katimnan beds of MacDonald's and Forsyth's ate 
separated from the underlying Balcombian by a thin nodule bed marldtig a 
stratigraphic break' 1 (Singleton 1941, p. 78). ^ The appearance of the 
specimen shows clearly that it was taken from this nodule bed. The age of 
Chapman's specimen is believed to be early Kalimnan (Pliocene). 

Belgium 

The locality of the holotype of M , longtrostris is unknown, but Abel 
(1905, p. 110) assumed that it came from Antwerp. According to this 
author, the eighteen specimens of this species from Antwerp examined by 
him came from the *' Boldenen" It appears that Abel followed the 
stratigraphic classification of the Antwerp Tertiary proposed by van Ertbom 
who distinguished only two formations, the Boldenen (Miocene) and the 
Diestien (Pliocene) Later authors divided the Miocene of Belgium into 
the older Bolderien and the younger Anversien, representing, respectively, 
the Helvetian (Middle Miocene) and the Tortonian-Sarmatian (Upper 
Miocene). The presence of equivalents of the next younger stage, the 
Pontian, in this basin is uncertain A stratigraphic break separates the 
Anversian from the Diestian (Pliocene). 

Remains of fossil whales are known from several zones within the 
Anvcrsian and Diestian The actual horizons of occurrence of many of these 
fossils have not been reliably recorded There is, however, little doubt that 
at least some of the specimens of M. longtrostris came from the typical grey 
sands of the Anversian. Abel referred all of them specifically to the Upper 
Miocene (pre-Diestian). Kellogg (1928, p. 764) listed the Ziphndae of 
Antwerp as 14 Sarmatian" (lower part of Upper Miocene). 

Crag of East Anglia 

Six of the specimens described by Owen under as many different 
specific names have since been placed in the synonymy of M longtrostris, 
together with another specimen later described by Newton All these came 
from the "Nodule bed" at the base of the Red Crag (Newton 1891, 
pp. 72-74). Prestwich referred to a “ Belemnostphtus" from the Nodule 
bed at the base of the Coralline Crag. The age of these fossils does not 
appear to have been defined as dearly in recent publications as in Owen's 
work, where it is stated that “the rolled and fragmentary Cetacean remains 
belong to a deposit older than these which, by their testacean fossils, may 
be truly or strictly defined as 4 Red Crag *: that the older deposit in question 
—more or less destroyed apd broken up in Suffolk—answers in time, to 
the better known Belgian 4 Sable noir ’ of the 4 Syst&me Diestien ’ of Nyst 
and von Koenen" (Owen 1870, p 2). The only correction to be made in 
this statement is due to a change in stratigraphic classification in Belgium, 
where the 4 Sable noir * is now classed as Anversian. Newton (1891, p. 3) 
also considers these Crag fossils as “remaniS”, derived from beds older 
than the 44 older Pliocene ” Lenham beds, but finding the evidence for their 
Miocene age insufficient, he refers them to an early Pliocene stage In 
view of the generally accepted Plaisancian (Lower Pliocene) agToif the 
Lenham beds, this can be only the Pontian. As far as the Cetaceans are 
concerned it is difficult to see what objections can be raised against Owen's 
$ZFct£ Anversian (Upper Miocene) age of the specimen, from the 
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Ashley Rives Phosphate Beds of South Carolina 

Although the suggested synonymy of some of the Cetacean remains frotfn 
these phosphate beds with Mesopfodon longirostrts is uncertain there settals 
to be among them at least one specimen ( Dtoplodon proropt Leidy) 
dose enough to Cuvier s species to justify a brief statement on its age The 
vertebrate bearing phosphate rock named Edisto marl in earlier publications 
is now considered as residual Hawthorn foimation (Cooke 1936 p 114) 
G M Allen (1926 p 447) found that most of the remains of terrestrial 
mammals from the phosphite bods lx long t< Pleistocene speues while most 
of the marine species are of an equally Miocene facies The Hawthorn 
formation from which the phosphate rock was derived is correlated with 
the lower part of the Alum Bluff group of 1 lorida (Burdigalian) but may 
also include higher members of this group (equivalents f Hdvetian and 
Tortoman) Kellogg (1928'l places the Ziphiidae fiom South Carolina in 
the Sarmat an O r Hay (Second Biblu graphy of Tossil Vertebrates of 
North America Carnegie Inst Publ No 390 1930) refers them to the 
Upper Miocene 

PLIOCENE OF IlALY 

Remains of Ziphud whales closely resembling Me^oplodon iongxroitru 
and probably correctly identified with this species by Abel have been 
described from a number of localities in the Pliocene of Italy Some of 
them are in the nerth eastern foothills ot the Apennines and thers near 
Rome (Middle Pliocene) 


Description of Mesoplodon /ongiroafna from Victoria 

The well preserved specimen from Grange Bum vas described in some 
detail and measured by 1 Chapman (1917) A few additional observations 
are here recorded The surface of the bone which is stained daik br>wn 
a worn smooth 1 ut the differences between the original surface the areas 
of other bones which are lost and the later fractures can be recognized In 
pits and furrows some soft whitish rock matrix is preserved and small 
oystei sheila adhere in some places to the bone The auxiliaries extend 
about 25 mm laterally from each of the maxillary foramina The ventrally 
projecting basal portions of the maxillanes are broken off A rougher 
surface extends ventro laterally over more than half the length of the 
rostrum About 65 mm from the posterior tip of the vomer on the ventral 
surface of the rostrum this rougher area widens out in median direction to 
form a distinct area of attachment for the palatines ending in a single 
anterior point on either side The premaxillary and maxillary foramina 
are perfectly preserved 

The object described by Chapman (1907 p 38) as a maxillary tooth 
was removed from the matrix and cai cfully examined Although it resembled 
a tooth m its peculiar bluntly conical shape it was found when sectioned to 
be a concretion without any trace of organic structure Dr F L Stillwell 
who kindly examined the object found that it consisted almost entirely of 
hmonite 

The new specimen from Lakes Entrance is a cranial rostrum preserved 
from the area of the maxillary foramina to a bluntly rounded anterior end 
Hu length of the missing distal part to the tip of the rostrum can be 
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estimated at between 150 and 250 nim. The foramina were filled witl) 
ferruginous matrix, but only the left premaxillary foramen is completely 
preserved. The lateral extensions of the maxillaries are incomplete, 
particularly on the left side, and the maxillary crests are lost. A coating of 
ferruginous matrix on the original surface of the hone is visible in the 
prp-orbita! region and on a small portion of the antero-ventral part of the 
rostrum. The fossil is deeply weathered and fissured, the fissures being 
partly filled with calcareous matrix. Subsequent weathering nf this matrix 
lias widened the fissures It appears that the fossil was originally buried in 
the Kalininan calcareous deposit in a slightly broken, cracked, and weathered 
condition. The sediment jienelrated the deep cracks of the hone, while on 
its surface a ferruginous coating was formed in which mollusran fragments 
have l»ecn preserved. Later. the fossil weathered out of the Kalinman 
rock and was subjected to erosion on the surface before being embedded in 
the yellow clay of post-Kalinman age Little damage was done in the process 
of removing it from this sediment, fresh fractures being confined to the right 
postenor *idc of the maxillary region and the left side of the anterior part of 
the rostrum. In the course of the present investigation, a transverse slice 
alx>ut 15 mm thick was iut from the specimen, about 340 mm from its 
present proximal end 

Owing tn the deep weathering of the new sj>ecimen, little can he added 
to what is ah fatly known of the morphology of the rostrum in Metoplodan 
fanyiravtris On the dorsal surface the distal spur of the mesethnioid can 
lie vaguely distinguished From this jx>int a dark median line (an infilled 
sulcus) extends a short distance along the surface of the rostrum. It 
corresponds to the median furrow which was erroneously considered as an 
essential spccitu character of M. longirostns, hut is not consistently 
dtvelopcd m any of the known species of the genus The median proximal 
|>art of the ventral surface is exceptionally well prserved in the new rostrum 
This is the first specimen to show the peculiar triangular crest or keel 
descending ventralK between the attachment atcas of the pterygoids. 
Published figures indicate that in most or all Recent species of Mcsoplodon 
the rostrum is not nearly as deep in this region, its deepest part being 
normally the tip of the vomer which in ventral views of some skulls can be 
seen Itftween the tips of the pterygoids In M fonqtroslrts the postero- 
vcnlial side uf the rostrum is formed by two laminae, diverging proximally 
anti enclosing at their base the main body of the vomer. Some space 
between the vomer above and the two laminae below is filled with rock 
matrix in both Victorian .specimens, but in the Grange Bum specimen the 
projecting ventral part of the laminae is broken off. 

Comparisons of measurements and proportions of the two Victorian 
rostra suggest that the size of the new specimen exceeded that of Chapman's 
fossil by about one-half. The preserved part of the rostrum is about 
450 nun. long, and its. original total length can l>e estimated at about 
CflU-700 mm., corresponding to a skull not less than 3 feet in length The 
convex dorsal outline and the almost complete preservation of the projecting 
ventral crest produce the impression of great relative height of the new 
rostrum. The maximum height in the present state of preservation is 
147 inm., the width immediately in front of the “ inner notch ” is about 
80 nun. The greatest width of the meaorostral land is 36 (22) mm., the 
approximate distance lietween the centres of the premaxillary foramina is 
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60 (38) mm., that between the centres of the maxillary foramina is 
125*130 (85) mm. [Figures in parentheses indicate corresponding 
measurements in Chapman's specimen.] 



Fio 1 loHfuroitru (Cuvirr) Tran«vcr*e of the ruttnnn from ULc« Kntrance* 

Victoria Outlmf partly rmtore<i. 2/1 rut sir* 


The transverse section is oval in outline, not unlike those given by- 
Huxley, Owen, and Chapman for M. " compressus " and by Forbes for 
M . grayt (Forties 1893, pi. 13, fig. 3; pi 14, fig. 5). The bones are dense 
and resemble ivory. Very few larger pores or canals arc visible on the 
polished surface of the cut or in thin sections, but a high porosity becomes 
evident through capillary action when the specimen is welted. Three fairly 
regular gently curved light-coloured hands, about 1 mm. wide, correspond to 
the matrix-filled cracks on the surface of the specimen. Larger longitudinal 
canals, circular in section, arc found where vertical and horizontal fissures 
join. Their arrangement is due partly to the regular spacing of the canals 
which form zones of weakness, and partly to the internal structure of the 
bone. No definite sutures are visible in section, the components of the 
rostrum l>eing completely fused. Only a very faint discontinuity in the finer 
structure of the bone appears to indicate part of the outline of the vomer. 


Notes on the Development of the Rostrum In Meaoptodon 

The peculiar features of the rostrum in beaked whales ( Mcsoplodon, 
Ztphtus, Choncstphtus) have been extensively discussed and variously 
interpreted by a number of authors. Zoologists (Forbes, Fraser, Harmer) 
investigated the development of the bones in the rostrum, and in particular 
the comparative anatomy of the mesorostral ossification. Palaeontologists 
discussed its functional significance. Abel, tn his “ Palacobiolo^y of the 
Vertebrates ” (1912) described the ziphiid rostrum as strongly ossified to an 
ivory-like or porcellaneous mass of bone, with its elements completely fused 
in adult individuals. In several fossil specimens he found traces of injuries 
which must have occurred during the life of the individual. He explained 
the morphological features of the rostrum as adaptations consequent upon 
its use as a weapon in fights among adult male beaked whales. Injuries, 
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however, are known to occur also in other parts of the body in Cetaceans 
without inducing adaptive reactions, Even if the Lamarckian view under** 
lying Abel's hypothesis is accepted, it is hardly possible to regard injuries 
to a bony structure as sufficient evidence of its use as an offensive weapon. 

A different explanation was suggested when results of modern 
experimental pathology were taken into consideration. It was found that 
a pathological modification of the bone structure to ivory-like density 
(osteosclerosis), which is frequently accompanied by a general increase in 
thickness of bones (paehyostosis), corresponds closely to peculiar characters 
olracrved in parts of the skeleton ot certain fossil Mesosauria, Lacertilia, 
Ophidia, Sirenia, and Cetacea.* F. Nopcsa’s pioneer studies in vertebrate 
palaeo-physiology (1923) and their further development (Sickenberg 1931) 




phylogeny of some marine vertebrates was accompanied by peculiarities in the 
development of their skeleton, among which paehyostosis and osteosclerosis 
are particularly interesting. They are tentatively attributed to the same 
causes as the analogous pathological effects, i.c., to reduced thyroid and 
increased pituitary gland function (hormone secretion). A reduction of 
oxygen intake and an increase of iodine in the food of originally terrestrial 
animals becoming adapted to marine life have been suggested as environ¬ 
mental influences likely to cause this type of modification in the skeleton 
(Sickenberg 1931). Where phylogenetic lineages can be followed, as in the 
family Hahcoridae, a rapid development of pachyostosis and osteosclerosis 
of parts of the skeleton in the course of evolution is found, followed by 
gradual decrease. 

Slijper, in his monumental work on the comparative anatomy of the 
whales (1936, p. 475), regards osteosclerosis of the ziphiid rostrum as a 
normal “ functional adaptation.” He admits, however, that it could be inter¬ 
preted alternatively as an “arrostic" phenomenon affecting certain species, 
lie re-defincs this term, which was first proposed by Nopcsa, to apply to 
such anatomical or histological phenomena as are caused by an 
unfavourable M adaptation of the metabolism to new environmental 
conditions (Slijper, l.c.p. 469; see also O. Abel, ■" Vcrfehlte Anpassungen 
bei fossilen Wirbeltieren," Zool. Jahrb Suppl.-Bd. 15, vol. 1, 1912, p 59/). 

In a study of the relation between giantism and the development of the 
pituitary body of the brain as observed in internal casts of fossil skulls and 
in living animals, T, Edinger (1942) refers to osteosclerosis in whales as one 
of the bone changes accompanying phylogenetic hyperpituitary giantism. 
The author states that this relation cannot be interpreted in Lamarckian 
terms as an adaptive reaction, as the occurrence of giantism is independent 
of the type of environment and is accompanied by a variety of apparently 
unrelated changes in bone structure in different types of vertebrates. 

The species Mesoplodon longirostris has not attracted much attention 
in the discussion of the important problem of physiological influences on the 
evoluthn of the skeleton in marine vertebrates. This Is not surprising as 
thih spiJe.s is kiit/Wn mainly fioni fragmentary or badly worn rosLia. * Most 
of them have been redeposited from older strata, or carried from the open 
sea to littoral zones of deposition. It is dear that such circumstances would 
favour the fossilization of strong and heavily ossified bones and would 
tend to preserve selectively the most strongly osteosderotic rostra. Never¬ 
theless, there arc reasons to believe that this alone does not satisfactorily 
account for the difference in ossification which the available descriptions of 
fossil and Recent skulls of Mesoplodon appear to indicate. Some of the 
Recent skulls have been found loose on beaches, preserved in similar 
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cirttUMttnces a* the fossil specimens, while others are larger and belong to 
faQy-grown individuals, but are not as strongly ossified as some of the fossB 
rostra. It is, therefore, suggested that osteosclerosis and possibly also 
pochyostosis of the rostrum are more strongly developed in the extinct 
M. longirostris than in the living representatives of the genus. This 
suggestion requires confirmation by means of detailed comparative studies, 
which should lead to interesHng conclusions in view of the stratigraphic and 
phylogenetic relations of this fossil species to a number of others standing 
between the primitive scpialodontids of the Oligocene and the ziphiids. The 
fact that the new specimen was found almost in situ and in a much less 
water-worn condition than most of the previously known rostra justifies the 
expectation that more complete remains of this species will be found in the 
Kalimnan. 
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Aaf IV —Some I caturcs of the Coaitltne l etuccu l ort ratrv and 
Peterborough Victona 

By E D GII L B A B I) 

[Read 14th June 1945 ] 

Abstract 

Three types rf coastline (mobile dune consolidate] dunt limestone and Miocene 
marine limestone) are described with comment on the ge logical succession Further 
evidence of a relative eu static fall m slevel of the order f 15 feet is adduced 
Evidences of both Incr i 1 w<_tur climates have bten found 

Physiography 

The coastline to be described may be divided into three section* 
according to the dominant geological structure viz — 

Mobile Dune Coast fr( m Port Fairy to Warrnambool 
Consolidated Dune L mestone Coast from Wanmmbuol to 
Childers Cove 

Miocene Marine Limest ne frem Childus Cove t) Peterborough 
Mobile Dune Coasi 

Bordering the coast from Port Fairy to appre ximately the b< undary of 
the City of Warrnambool are mobile dunes winch consist r f calcareous 
sand similar to the consolidated dune material i n whieh they rest and whuh 
is exposed at many places in the viumty (Wilicny 1917 Gill 1943) 
Behind the mobile dunes are extensive marshes f< rmed by their damming 
the diamagc in seme of these ire fcunJ nnnm shells pr ving former 
sea encroachment The dunes have caused the f irmation of Belfast I ough 
and have diverted the Merri River so that 6 miles of its course is roughly 
parallel to and close to the shore line Parish plans in this aiei <*how many 
streams ending short of the coast at this fringe cf ccastal dunes (whether 
mobile or fixed) Dunes formerly mobile lut now anchored by marram 
grass occur along the beach in lady Bay (Warrnaml cl Ba>) and resting 
m the consolidated dune limestone within the boundaries of the City of 
Warrnambool 1 rom I ady Bay to a p nnt 2£ miles east of the Hopkins 
River the mobilt dunes also resting on consolidated dune limestone form 
the ccastal fringe Where the mobile dunes end and the cliffs composed 
wholly of dune limestone begin there is a patch about 6 feet thick of 
consolidated bedded tuff that has lieen ejected from the Tower Hill volcano 
to the west north west This deposit is pro I ably an accumulation in a 
swale now partially eroded by wave attack 

Consolidated Dune Limestonj- (oasi 

Pleistocene dune limestone is exposed in cliffs typicall) 60 feet to 100 feet 
high but in places as much as 200 feet that have been formed liy wave 
action (Plate II fig 3) In the vicinity of Thunder I unt (hg 1) these 
cliffs occur for a short distance but from 2$ miles eist of the Ilopkins 
River almost to Childers Cove they are continuous 1 he only rock exposed 
is dune limestone except that Miocene marine limestone is present at the 
base of the cliffs east of section 15a Parish of Mepunga this stretch of 
coast follows generally the trend of a partially denuded swale passing to the 
east-soutfreast the slope of the dune surface being towards the sea until 
the coastline cuts diagonally across the axis of the dune after which the 
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Fio 1 —Locality plan of cout be t w ee n Warniaabool and Peterborough 
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slope is landwards Three soil layers are generally present and except 
where they have been indurated tiy secondary deposition these soil layers 
have an important effect on the erosion of the cliffs They are readily 
disintegrated by wind and water and so hasten the breaking down of the 
cliff face 

At Warmarabool there are some five lines nf dunes while between the 
Hopkins River and Lake Gillear there appear to be only two lines but these 
ure very high hrom that point eastwards there is only one line of dunes 
No fossils were found in the dune limestone along the coastal secti m except 
on a small headland less than 100 yards west of Gu mo Cave (fig 1) The 
ielationships of the rocks concerned are shown in fig 2 The fossihferous 
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fia 2 —I ou 1 ferout calcar oui rt t, aur 
o n d br 4 t Mu zon at b e 
of u c a^r ti I it wt t o( Guano 
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1 o 1 —Sea el ff on headland form r east 
a de of Stanhonc Bay The cl ff 
» approx nutcly 130 feet h *h 
co at Rf of about 80 feet of 
M oca mar ne 1 ncrlone al o t 
20 feet of n e quarts vand ind 
about 20 feet of hard d o rock 


calcareous 1 ed shown in the figure is about 10 feet thick and its 1 ase is 
loughly 5 feet above high tide level It rc ts n the Miocene uminc•lime 
stone and is covered 1 y a fo^siliftrous sod layei which m turn is c vert 1 by 
60 to 70 feet of dune limestone in the cliff face Ihe 10 ft lied consists oE 
calcareous sand mixed with siliceous grit Numerous marine shells occur 
n this bed including cf Turbo (Subntrtella) undulatvs (Martyn 1784) 
and cf Ncothats texttlwsa (Lamarch 1822) These determinations were 
kindly made by Dr F A Singleton 1 he sand gravel and fossils are firmly 
cemente 1 by secondary column carbonate In places numerous flat pebbles 
>f dune rock—typical beach pebbles—are found in the bed which is vei> 
localized 

The indurated soil layer ah ive this fossihferc us bed contains numerous 
land shells and also a number of marine shells and bryozoan zoana many 
>f which are also preserved as casts and moulds The unusual mixture of 
land and marine fossils in th s bed may be explained as a beach or sea floor 
which has 1 ecome a land surface and later covere 1 by duue sand 

The inclusion of flat pebbles of dune limestone in the ft ssihfcious bed 
indicates that there were prcbably eoilier dunes to seaward of the picsent 
ones The authors earlier paper (1943) described how the dune rc ck exists 
below the present sea !ev« 1 in the Warmambool district 


MroctNF M chine Limfstonf Coast 

This type of coast from 1 eterborough eastwards to Kbble Point has 
been described by Baker (1943 1944) Tr m Childers Cove to Peter 
borough it is characterized by vertical cliffs of fairly homogeneous ye low 
marine limestone with a dune limestcne cover lhc bedding of the marine 
limestone is generally horizontal hut at the eastern end of Three Mile 
Beach (Plate 11 , fig 1) it dips 4 degrees west Fossils are common but 
poorly preserved, except for some of the more robust forms Loventa 
forbest (T Woods) Dttrupa (massed in distinctive bands) and a small 
brachiopod are common 
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The homogeneous character of the limestone results in more even 
erosion of the cliffs than is seen at Port Campbell, where clays and limestones 
occur. From Childers Cove to Peterborough the sides of the rocjc stacks and 
cliff faces are almost vertical, slight projections resulting where more 
resistant bands occur. Along the dune limestone coast from Warrnatnbool 
to Childer* Cove, apart from the general disintegration of the cliff face, 
erosion is accompanied by the hreaking off of huge irregular blocks of rock, 
whereas along the marine limestone coast east of Childers Cove high vertical 
columns of horizontally-bedded strata break away. The difference is due, 
in the first case, to soil layers in the dune limestone, disconformities due to 
the building of other dunes on a plana ted surface formed on older dunes, 
and to cross-bedding; in the second case, to the general horizontality of the 
bedding and vertical jointing. Fissures (up to 6 feet across) are common 
along the tops of the cliffs in lioth types of coast; some arc obviously old, 
temporary equilibrium of the stresses operating on the cliff face having been 
established. These fissures have assisted in die formation of caves, which 
are of fairly frequent occurrence. These latter have licen formed by solution 
along the fissures, and by mechanical action where they have been exposed 
to wave attack. The inlets along the marine limestone coast are nearly 
always rectangular in outline with pocket beaches at their landward ends. 
This characteristic is due to erosion along major joint planes, which results 
also in the parallel orientation of rock stacks and islands with the sides of 
the inlets (cf. Baker, 1943). 

Oeologloal Succession 

MAR>NR LlMbSTONE AND DUNE LIMESTONE 

Usually there is a well-defined soil layer between these two formations. 
The dune limestone immediately above the soil layer is often coarser than 
tliat higher up in the dune The gentle undulating character of the soil 
layer at the surface of contact indicates that the old land surface was 
as physiographically mature as the present surface of the Miocene limestone 
further inland. At Broken Bay crystalline calcite up to 3 inches thick occurs 
in crevices of the dune limestone near its base. 

Marine Limestone and Sands 

In the Parishes of Mcpunga, Nullawarre, and Nirranda (fig. 1), there 
arc large quantities of fine-gTaincd siliceous sand, which in the field 
occurrence look bluish. This sand is even-grained, unlike the sub-basaltic 
deposits at Warrnambool which often have coarse gravel in them and, still 
more frequently, clay. On macroscopic examination the bluish sands appear 
to consist entirely of silica, whereas the Warrnambool sub-basaltic deposits 
have large quantities of granitic felspar present. The sand area supports a 
characteristic plant assemblage known locally as “ The Heath Patch. 1 The 
sand is generally in the form of low dunes (now fixed by vegetation), this 
being especially the case in the vicinity of the coast. Well-defined dunes 
about 25 feet high occur near the trigonometrical station shown in fig. 1. 
The sands are comparable in many w*ays with those of the dunes of the 
Brighton-Frankston area described by Whincup (1944). 

The btratigraphical position of these sands is shown in a cliff section on 
the east side of Stanhope Bay (fig. 3), where a thickness of about 20 feet 
of them is intertadded between marine limestone and the dune limestone. 
The sands are probably a residue from the denudation of the Miocene land 
surface. If the dune limestone is Pleistocene, then they are perhaps 
Pliocene in age. However, the sands on the open plain behind the dune rock 
(where they have not been covered and preserved by later rocks) may be 
Pliocene to Holocene in age. ' 
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Hvidenoos of Ghang* of Sea-level 

Much of the evidence for changes of sea-level requires further critical 
study and correlation, but there are clear indications of a relative eustatic 
fall in sca-level of the order of 15 feet. Evidence of thi±> has been cited 
by CouUon (1940), Edwards. (1941), Baker (1944, p. 79), and the writer 
(Gill, 1943). Further evidence is to be seen in some ot the beach formations 
along the Miocene marine limestone coast, At Flat Rock (on the coast 
south of the west border of section 50a, Parish of Nirranda), there is a 
long and well-defined beach ridge (Plate II., fig. 1); another can lie seen on 
Bumie’s Beach. Typical high marine limestone cliffs, obviuusly formed by 
the action of the sea, and with sea caves at intervals along the coast, are now 
never reached by the sea. 'Hie coast here is straight and open Between 
these old sea cliffs and the present strand line is a wide sand Hat with a 
beach ridge on its seaward edge. 

At the east end of Three Mile Beach there is an old shore platform 
12 to 13 feet above the present shore platform Plate II , fig 2, is a frontal 
view taken from the present shore platform at low tide This platform and 
the old one are in homogeneous Miocene marine limestone The old platform 
is covered with vegetated talus except at the edge, where it is swept by 
storm waves The east end of the Three Mite Beach sections the shore 
platform, and shows Ijoulders and some shells on its surface. 

Shell beds, like those at Warrnambool, have liecn recently mapped at 
Port Fairy, about 17 miles further west They are extensive, and the 
numerous shells in them aie m such a condition as to indicate that lliey were 
laid down in quiet waters. 

Volcanic Julia Percy Jslanu lies off the coast in this area. A wave-cut 
platform about 15 feet above the presuit sca-level has been described by 
the McCoy Society's Expedition tlieie (1937). 

Around the coast of Australia there are many indubitable evidences of 
change of sea-lcvcl. Professor Richards (IQ 19) has summarized those for 
Eastern Australia. 


Climatological Inferences 

The blue qtmrtzose sands which constitute ancient dunes along the 
coast behind the high lithified caUarcmts duties must have been formed at 
a time of more arid climate than the present, for they are now covered with 
a well-defined soil layer and strong vegetative caver. The rainfall at that 
time was too law to cause enough growth to anchor the sand, and so it 
blew up into dunes; but the rainfall is now sufficient to support a forest 
The sands are not simply coastal dunes, but stretch inland for some miles 
Hubbard and Wilder (ly30), in discussing the validity of the indicators of 
ancient climates, remark, 11 Wind-blown sand usually suggests a region that 
is or has been arid” Hills (1940) suggests that the sand ridges of the 
Moorabbin-Highett district were formed during periods of relative aridity. 

There are present also in the area under discussion, evidences of a 
relatively wetter climate. The parish plans show swampy areas across most 
of the plain l>etween A Hansford and Peterborough, but a large number of 
these have now lieen drained or have naturally dried out. Some Western 
District lakes have dried up within living memory. Apparently, at one time 
there was a chain of swamps and small lakes across this country, and in 
many of these beds of peat were formed. There are a large numlier of 
deposits of peat in the district (e.g., in sections 32c, 47, 48, 50 a, Parish of 
Nirranda), that at Bracknell (Herman, 1913) being the best known. A 
windmill bore on section 50a, Parish of Nirranda), near Flat Rock, passed 
through 8 feet of peat and 7 feet of clay before reaching the Miocene 
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marine limestone of the bedrock Fergunon (1320) maps peat m the Port 
Fairy area These deposits suggest that wetter conditions than at present 
prevailed in the past In discussing peat as a climatic indicator, Giles 
(19381 names - abundant (though not excessive) and well distributed 
rainfall ” as one of the conditions favourable to the formation of peatr 
However he quotes areas of relatively small rainfall where considerable 
deposits of peat occur (p 408) and appears to infer that the deposits were 
laid down under climatic conditions tne same as the present The recent 
large climatic changes associated with the Ice Age need to he kept in mind 
Thus it appears that in the area dealt with in this paper the climate 
has been both drier and wetter than it is now 

Aokno wledgm en ts 

Mr A Mathicson M.nr of Nulhwarre has provided me with much 
interesting information concerning the district I wish to thank Mr R A 
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Geologic^ Survey kindly nude available information concerning peat at 
Bruckncll 
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Aht V— An Australian Record of the Foramimferal ( rm« Hantkcnntn 

B^W J PARR 
[Read 12th July 1945 ] 

The forammiferal genus Hanlbcntna has n t h thert been recorded 
From Australia and m view of its proved value is an index fos il m other 
parts of the world its discovery in the Cape Otway district of Victoria in 
deposits the age of which has been uncertain is of special importance 

The presence of Hantkemtia in the Teitidiy cf Austrilia was first 
recognized in December 1944 When the wnltr found port n f i lest in a 
sample of glauconitic clay frem the Browns Creek ccastal section miles 
north west of Cape Otway This material had been c llected ly Dr i 4 A 
Singleton of the Geology Department of the University c f Mclb >ume 
during the course of field work upon which he has been engaged in the 
district over a number of years Subsequently the wliter in c mpany with 
Dr Singleton and his sons Messrs O 1 and P D Singleton visited the 
area and collected material from winch more linn 30 examples of Hantkenxna 
have been oltamed Fight of these specimens were from the Browns 
Creek locality and the lcmaindcr are fiom Hamilton Creek about 6 miles 
cast of Brown s Creek The specimens have most of their delicate spines 
intact and arc not infilled their state of prcseivation leing so perfect that 
there can be no doubt as to their being indigenous t the deposit in which 
they were found 

Seven < f the specimens from Brown s Creek are from a highly 
glauconitic bed containing numerous examples of the pelecypid Notavtrca 
Hus rests on the glauconitic clay from which Dr S nglctons specimen was 
btaincd An additional example was obtaimd by the writer from the clay 
Ihe specimens from Hamilton Creek are all from the most southerly exposure 
of Tertiary on the creek where it occurs in the west bank about 400 yards 
rorth of the Great Ocean road With c ne exception the examples of 
Hantkenxna from this locality are from the glauconitic clay which as at 
Browns Creek underlies a highly glauconitic bed with atundant Notostrea 
Ihe other specimen is from the Notostrea bed The glauconitic clay is the 
lowest fossiliferous bed exposed at each locality the underlying beds at 
Browns Creek being covered by dune sand and those at Hamilton Creek 
being below the level of the creek 

The fonuninifera associated with Hanikenttta at both localities are 
almost wholly perforate calcareous species very many of which are 
undescribed Those at Hamilton Creek include species of Spxroplectammxna 
I entieuhna Dentalxna Nodosarxa Vagxnultna Lagena Fxssurxna Entosolenta 
bllxpsolagena Guttuhna Globultna Glandultna Signiomorpktna Gumbehm 
Rtdtmwa Boltvxna Angulogenna Casstduhna EUxpsonodosarxa Ellxpiotdtna 
SpmUxna HironaUema Alabamxna Fpontdes Gyroxdxna Notorotaha 
Ceratobuhmina Roberttna Eptstomxna Anomaltna Cxbxcxdes Chxlovtomella 
PuUenxa Sphaeroxdxna Globxgerxna Nomonella and Astrononxon At 
Bi own’s Creek all of these genera with the exception of Entosolenta 
Elhpsolagena Ethpsotdxna Notorotaha and Sphaeroxdxna also occur in 
addition to Textularta Dorothta Quxnquelocuhna Spxrolocultna Pyrgo 
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Ratnuhna Vtrguhna Uvtgcnna and Dtscorbts I he fcocene form described 
by Cole (1927 p 22 pi 5 fig 12) under the name of Nonton interns is 
also common at both localities The foraminifera enable the Hantkenma 
bearing beds nt Bnwns (reck to be correlated with those at Hamilton 
Creek a c nclusion which Ur Singleton has reached on other evidence 

Hie foiin of Hatilkniuta represented at Hamilton Creek and Browns 
t reck is il isely related t< // a/if imams Cushman from the Uppei locene 
of U S A It miy It dcsiril»td as follows — 


IIanii i m\\ \i b\mi nsis t iishm ill sul s] t ics t mf r i a lit v 

IlsI pl'inispn il ni] rtsst I irlulf whe rl with hve l six mode lately 
inflated clvnnlius t h is long is 1 r id fumislud with i long hollow 
jeripluiil spilt which is situ itt 1 it ilit fr nt en l ot tlu chamber and 
jirixtcd f twin! wall lmcl\ punct itt surf let giamilated n the cirly 
thambits liin sm ill ij c lint in tlu untie I the f uc of the. last 
i rme I chmilti m tl i g ilt c nif n itivilv n irr w ptning widening at the 
« ivn t nd winch i t \t i !t I t i u ir 1 i n i itli si h is i u n i w flange 



Dimensions cf hoi type —Dunutti with spines 1 mm without spines 
0 fi mm thickness 0 2 nnu 

Hohtjpt from Brcwn s Cietk tollected by the wnter 

This fonn diflfeis from previously described Hantkentnac in the 
t )iisukrahl> gicatir tnnpussion t f the test and in the shipe of the iperture 
Occasional examples of H alahamcn\i\ showing similar characters are found 
in nuterial fiom USA in which H alibamcnm is common but they are 
not typical of the speuts 'is it occurs there Figures are given to show the 
nnge of viriati n in tlu \iaonan form It will be noted that some of the 
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specimens in the early stages resemble H mexteana and H longuptna in 
having the outer end of the chamber drawn out and terminating m a 
f centrally placed radial spine These two species are not known to occur 
above trie lower half of the Bar toman 

The species of the H alabamensts group range through the Upper 
Eotene (Bartoman) and there are records of the occurrence of several 
from the Lower Ohgocene fLattorfian) These are by Howe (1928 p 13) 
from USA Rey (1938) from Morocco and hinlay and Marwick (1940 
p 93) from New Zealand In view of this the beds in Victoria in which 
Hantkemna has been found are either Upper Locene or Ltwer Ohgocene 
in age lhe presence of specimens of the Victorian form showing in the 
eirly stages some of the characters of H mexteana and H longtsptna 
suggests that it is of a rather more primitive type than H alabamensts 
With this in mind and having regard to the fact that the majority of the 
ircords of the H alabamensts group are from the Upper hocene it appears 
piobable that the beds from Which the Victoria specimens were obtained 
are Upper Eocene in age 

The writer is indebted to Dr Singleton for making available the 
material which led to the discovery of Hantkemna in tne Tertiary of 
Victoria He also thanks Dr M T Glaessner for his advice and helpful 
criticism in the preparation of this note 

The holotype and other figured specimens will be deposited in the 
collection of the Geology Department of the University of Melbourne 
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Axi VJ — L%aporatwn and Storage Changes tn Rtter Catchment Areas nnth 
Special Reference to the Goulburn Rwer above Etldon Reservoir 

By V G ANDERSON FRIC 

[Read 12lh August 1945 ] 

Abstract 

Annual evaporation losses and storage changes in the river catchment areas of 
Victoria an. ditiu'sed in relation to their effects upon the composition of natural waters 
The nver gauging and rainfall records of the Goulhurn River catchment area and 
other typical areas were used as a basis for the investigation Precipitation ll the 
only source of water in the Goulburn catchment which was selected to illustrate a 
useful method of approach Underground leakage from this area is impossible The 
composition of waUr from the Goulburn River is compared with waters from two 
adjoining areas—the Varra River catchment which is nearer the coast and the more 
distant Murray River catchment 

Relationships between river flow and rainfall under assumed ideal conditions are 
contrasted with actual relationships disclostd on studying the river guugings and 
rainfall records No continuous run off is yielded by Victorian catchment areas unless 
the annual rainfall is at least 13 inches but the threshold run fall of some rivers is 
20 inches or more River flow is diminished by direct evaporation ind by the 
transpiration of plants Evaporation nny continue after witei is absorbed in the 
ground but ultimately some absorbed witcr reaches the river system after being 
temporarily retained in the area Scascnal gains and losses of underground water are 
llways to be expected and also thcie may be a net gam or loss oyer the whole year 
Water earned over from ye ir to year transforms an otherwise simple problem of 
interpreting results of river data into one of considerable complexity 

As the discussion is confined to areas free from underground leakage ol served 
discrcpai ues between river flow and precipitation must be attributed to the combined 
effects of evaporation and storage changes No direct methods are available for 
measuring evaporation nor of ascertaining whether m a particular year the gauged 
flow was increased or decreased by storage changes However gams and losses can 
be eliminated by averaging long period records in which case mem evaporation is the 
difference between the mean precipitation and mean discharge for the period But the 
problem of estimating evaporation and storage changes in a particular year has hitherto 
remained unsolved The arguments prtsented in this paper arc centred around the 
problem of eliminating from the annual gauged flow if a nver uncertainties caused by 
the volume of water retained or released in the abovt mentioned manner 

The data for the Goulhurn area consists of 29 pairs of annual gaugings and 
rainfall records The period of observations although comparatively shjrt includes 
at least one complete major cycle of storage and depletion When the ungrouped data 
are statistically correlated the coefficient (r = +l) 9464) indicates strung association 
between discharge and precipitate n The relationship may be expressed by i linear 
equation R P — 0 8626P 16 31 the stand ird err >r f f e tmutiun is 2 57 Corresp ndin 
results for other catchment areas in Victoria ire tabulated for purposes of comparison 
Fvaporaticn and storage changes can be estimated when in addition to precipitation 
and the gauged discharge for a particular year the ctmputed flow is also known 
Evaporation estimated from the difference between precipitation and computed flow 
increases as precipitation rises Enhanced opportunities fer evaporation at wet surfaces 
in years of higher rainfall may account for this regressional increase Storage changes 
are estimated from the difference between the computed flow and the gauged discharge 
Compound bar charts and cumulative diagrams are employed to illustrate the effects nf 
rainfall variations upon storape changes in the Goulburn area Tht whole period may 
be divided into six sub periods on the basis of these dagrtms Two phases of 
absorption or recharge are clrirly recognizable as well ai» two others during which 
stored water was being released from the catchment area An important conclusion is 
that for seven successive years during which correlation was exceptionally strong 
(r = +0 999) climatic and other conditions were such that storage changes would 
not have been likely to occur cstimitu rf evaporation based on tht data for this 
sub period confirm those deduced from the date for the whole period The results also 
indicate the possibility that the total upstream storage capacity of the Goulburn 
catchment area can be estimated Although the investigation was carried out primarily 
in connection with the composition of nitural waters the results are of wider interest, 
and suggest new fields nf inquiry 
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Introduction 
General Outline 

I his study is an integral part of an investigation on relationships 
between the composition of natural waters and environmental conditions 
within the catchment areas from which tht watets are derived rvaporation 
and underground storage changes are the factors particularly under review 
in the present papei estimates being based upon the lesults of nvu gaugings 
and rainfall observations published by the State Rivers and Water Supply 
Commission of Victoria (1 > ihc catchment of the (ioullurn Kivtr above 
nidon in north eastern Victum is used to illustrate a general method of 
approach but a summary of the characteristics of other Viclornn areas is 
included for purposes of comparison Ihe catchments invistigited unless 
otherwise indicated are hosed upon impermeable bedre ck and each derives 
its witcr exclusively from meteoric sources within its own arc i 

The author has already shown that the principal sources of mintral 
impunties in Australian waters art (a) the soluble products of rock 
weathering and (&) air borne oceanic salts brought down in run water (i > 
The amount of contamination from the products of rock weathering depends 
upon the geological environment but the proportion of oceanic salts brought 
to a catchment is in general independent of rock compositun or structure 
and is chiefly governed by geographical position 

Dcsiccattd spray from seawater is bltwn liilmd fc i grcit distances 
and in significant quantities the movement of suspended partides even 
reaching the proportions of tianscontmental dust stoims in reverse Red 
dust from Central Australia is sometimes driven over the Tasman Sea 
Not so well known is the fact that salt fi 1 m the coist is cnried by high 
winds to the interior of the Continent Ihc particles being soluble in watei 
and almost invisible their presence is often unsuspected unless ram water is 
chemically examined but prol)al ly every important catchment area in 
Australia is more or less influenced by this unsetn transier of oceinic salts 

The relatively low concentrations of sta salts in lain water may at first 
sight, make them seem unimportant but concentrations arc greatly increased 
by natuial evaporation and transpirati n after the water reaches the ground 
Records of rivei gaugings and rainfall show that in Victoru the average 
proportion of water removed by evaporation varies from SO per cent in 
exceptionally eh c cut catchments to 95 per cent tn useful hut inefficient 
ireas In stnu and legions the unevaporated residue whuh still contains 
the soluble oceanic salts is sometimes less than 1 per cent of the rainfall 
In addition to the effects of rock weathering and the occurrence of an liorne 
salts in the rain water a third tactor evaporation is thus equilly important 
in determining the composition of natural waters in Australia and a stage 
has now been reached when an improved method for estimating it is 
urgently needed 

Storage also above or below the surface may affect the final composition 
of a natural water otherwise than by providing opportunities for evaporation 
Chemical changes of a secondary character such as the biochemical oxidation 
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of sulphur compounds, can occur during storage under aerobic conditions, 
but the anaerobic reduction of sulphates is a common occurrence during the 
underground storage or transfer of natural waters. Sulphates originally 
derived from oceanic sources can be completely removed from ground water 
m this way. Again, during the temporary storage underground, natural 
“softening" of a water sometimes takes place, calcium and magnesium 
being more or less completely replaced by chemically equivalent amounts of 
* sodium or potassium. For various reasons, therefore, it is desirable to know 
how much of the rainfall in a particular year is temporarily stored in the 
ground, or alternatively, how much previously stored water is released to 
augment the flow of the river. 
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The Goulburn Catchment Area 


Description 

Situated on the northern slope* of the Main Divide almost in the centre 
of the Eastern Highlands the Goulburn catchment aiea is one of the most 
efficient in Victoria The present capacity of the Eildon Reservoir is 
106000 acre feet but extensions are being planned Ihe geological map 
shows that the area of 1 500 square miles above Eildon consists almost entirely 
of slates and sandstones of Carboniferous Devonian Silurian and 



Ordovician ages There are also small isolated areas of igneous and granitic 
rocks Maps published in the Reports < f the Interstate G nference on 
Artesian Waters (1912 1928) * 8) show that this catchment is part of an area 
m which no artesian basin of any material size can exist Leakage of 
underground water into or out of the catchment is negligible and innuxei 
of magmatic and other types of juvenile water are extremely improbable 
Apart from annual precipitatu n and rain water previously stored in the 
ground no other source of water is available 

The main axis of the catchment is approximately 90 miles from the 
coast In relation to its distance from the sea it occupies an intermediate 
position between two areas which have been described previously* 2 * viz the 
Yarra River basin and the valley of the Upper Murray River 
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( om i usi i ton nr Rives Water 

l he waters of the above-mentioned nvers differ from each other 
considerably, but all have remained remarkably constant in composition fox 
i long period Typical results of analysis and other data are given in Table I 


Table I —Compabison of Watebs rsou thf Yakaa, Goulburn, and Murray 
R rvER CatchM h nt Arfas 
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Preliminary Discussion on Oatohment Area Relationships 

l^ECiriTATION AND DISCHARGE 

Precipitation on Victorian catchment areas is estimated from daily 
observations at a number of selected localities, the records from different 
stations being weighted to ensure that each locality is represented propor¬ 
tionately in respect of its area The annual flows are computed from daily 
readings of nver levels at specially selected gauging stations Methods of 
procedure are described in River Gaugmgs (1905) and other reports 

Under ideal conditions river discharge should equal precipitation The 
annual gauged discharges (R) if plotted against the corresponding values 
for precipititation (P) might be expected to he evenly along a straight line 
liaving its origin at the intersection of the R and P axes, and inclined at an 
angle of 45 degrees to the P axis (Figure 1 A-A l ) In practice, however. 
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the annual discharge of a river is invariably less than precipitation, and the 
plotted values are often found to be widely dispersed in the form of a 
scatter diagram, such as that illustrated in Figure 1 
GAUGED DISCHARGE 0$ XmhM 


I 

I 

3 

f 


*IQ 1 

Precipitation is clearly the ultimate source of the discharged water but 
the precise nature of the relationship between P and R is not immediately 
apparent from an inspection of the scatter diagram One of the principal 
objects of this paper 19 to isolate the obscuring factors, especially evaporation 
and storage fluctuations, and then as far as possible to estimate the 
magnitude of each of them This can only lie done against a background 
provided by the catchment area equation and with due regard to stitistical 
principles 

Evaporation and Transpiration 

A substantial part of the rain-water falling on a catchment area is either 
directly evaporated or utilized by vegetation, and, in conbequence, never 
leaches the nver system In the following discussion ** evaporation " on a 
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catchment area is intended to include transpiration It is known that unless 
the mean annual precipitation exceeds a certain critical value, which may be 
called the threshold value, no continuous flow is yielded by catchment areas, 
although heavy rainstorms, or the release of ground water, may provide some 
run-on even in the driest years The threshold values of Victorian 
catchments known to be enclosed by, and based upon impervious bedrock, 
range from 13 to 22 inches Equality of precipitation and evaporation at 
the threshold value affords a basis for estimating the mean amount of 
evaporation which occurs under dry conditions, when the mean annual 
rainfall is just sufficient to cause incipient river flow 

Storace 

Much of the rain water falling upon a catchment area soaks into the 
ground and becomes woven into the fabric nf the vegetative and soil 
systems including the underlying weathered rock material before being 
released igam m the form of seepiges and springs which finally dram into 
the river or its tributaries Surface run off from higher parts of a 
catchment area may be absorbed into the ground at lower elevations borne 
water may lemain in the gTound for several years before actually reaching 
the river If the water is accessible to the atmosphere, and to the roots of 
trees or other plants, losses by evaporation and tianspiration may occur 
during storage In the subsequent discussions, the use of the term “ storage ” 
\y not restricted to ground water below the water table, but includes soil 
moisture and all other water whether temporarily immobilized or moving 
towards the water table, or to the outlets of the drainage system as a whole 

Seasonal variations in the volume of stored water are always to be 
expected, but, during a series of wet years the net amount of water stored 
in a catchment tends to increase at the expense of river flow On the other 
hand, net depletion occurs in dry years, nver flow being augmented 

Variations m flow caused by daily and seasonal differences in the intensity 
or incidence of rainfall are automatically smoothed out in making the 
annual summations hut net changes for the annual period arc not eliminated, 
and are responsible for part of the scatter illustrated in Figure 1, and they 
considerably add to the difficulty of interpretation 

The Catchment Area Equation 

River flow is the greatly reduced residue from annual precipitation 
Some water falling upon a river basin may be permanently lost by 

underground leakage to adjoining or distant areas a large proportion is 
always lost by evaporation River flow, in a particular year, may be 

diminished if water is temporarily retained in the area, or it may be 

supplemented by the release of water previously stored within the catchment 

An equation expressing relationships between precipitation (P), the 
gauged annual discharge (R), evaporation (E), and other factors influencing 
r ver flow, may be stated as follows — 

P — R + E + U + A 1, 

where U is the water lost by underground leakage, and A is the net 
increment to accumulated storage The same symbol (AJ is used, with 
changed sign, to represent a depletion of reserves previously stored within 
a catchment area 

The following discussion is simplified by confining it exclusively to 
c&tchmenl areas from which leakage is impossible, hence the equation may 
be written in the following form — 

P—R+E+A 


2 
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The practical value of this equation would be enhanced if direct 
measurements of either £ or A could be made, but only in exceptional 
cases is this possible However the effects of storage variations may be 
eliminated by averaging long-penod records of discharge and precipitation, 
gains in wet years being tnen offset by equivalent losses in other years 
The equation may, therefore, l>e re stated in a form which tan be used for 
estimating the mean annual evaporation from a river basin — 

P mua R mum "4* ^ mam $ 

Hitherto, the best available method for estimating evaporation was 
based upon equation 3 Such estimates, however, correspond only to a 
particular value of P, viz P and afford no information about tht 
amount of evaporation occuring when precipitation is above or below it* 
mean value It will be shown later that, by appropriate methods it is 
possible to develop an equation for computing values of river flow which are 
not only free from the disturbing effects of storage variations but are 
applicable to any corresponding value of precipitation within the observed 
range Computed flows from which stoiagc variations have been eliminated 
are conveniently designated by the symbol R t to distinguish them from the 
gauge discharge (R), the relation between 1C and R bung as follows — 
R 0 -R + A- P- L 4 

The general equation is then simplified to— 

P —* R 0 + F 5 

On investigating the precipitation and discharge records of 25 
catchment areas in Victoria the author has found that a simple linear 
relationship exists between R r and P which rmy be expressed is follows — 
R fl — a + bP 6 

The constants a and b may be calculated from long term records of 
river gauginps and preupiHtmn and the iquition used for estimating R* 
and E for any value of P within the range covered by the data The 
fact that linear equations satisfactorily express precipitation-discharge 
lelationships of catchment ams in Victoria considerably reduces the laliour 
involved in making computations of this kind It is conceivable, however, 
that for some catchment areas the use of polynomial equations may be 
necessary 

Statistical Treatment 

Thf Goulburn Data 

The relatively small numlier of records available for statistical 
examination consists of 29 pairs of official observations of rainfall and 
i ver gaugings the latter being adjusted for volumes released or impounded, 
and for evaporation in the reservoir The frequency curve of annual 
precipitation is very flat, but it discloses a normal distribution during the 
ptrod of 1916-1944 Estimates of skewness indicate only a slight degree in 
the rainfall records, and a rather more pronounced degree in the discharge 
data, hut, for practical purposes, both distributions may be regarded as 
sufficiently symmetrical to provide a liasis for treatment by ordinary 
statistical methods 

Some doubt may exist as to whether observations over a period of 
29 years are sufficiently representative to eliminate systematic errors due to 
long-term cycles of charge and recharge In general, it is desirable to use 
at least 40 pairs of annual observations, unless it can be shown that a shorter 
period includes at least one complete cycle of storage changes, or there is a 
reasonable expectation that the volume of water stored m the catchment 
area was substantially the same at the end of the period as at its commence¬ 
ment As a long drought period immediately preceded the year 1916, it 
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may be inferred that the Goulbum area was in the same depleted condition 
prior to 1916 as it was at the end of 1944 Notwithstanding therefore 
the relative shortness of the period of observations, the wide ranges of 
precipitation and discharge in this catchment area and the certainty that 
leakage can be excluded make it particularly suitable for illustrating a 
method of approach which is applicable to the majority of other river 
basins in Victoria 

CORKH ATION 

An appropriate method of treatment is to correlate discharge data with 
annual precipitation over all individual pairs regarding complexities due to 
«hanges in underground stmage and sundry random errors as a group of 
uncontrollable deviations The correlation co efficient (r) and the constants 
of the equation relating discharge and precipitation are computed and the 
standard error of estimation is calculated It is then possible against the 
iMikground of the catchment area equation to deduce some quite definite 
information about the relationship between precipitation and evaporation 
Net annual gains and losses in underground storage are estimated as the 
difference between the computed and gauged discharges This method may 
require modification and claljoration in the light of additional information, 
hut even in its present form it greatly assists in clarifying the various 
ssucs and relationships 

The catchment area data with relevant extensions and derivations are 
ranked on the basis of annual precipitation and set out in Table II 


Table II—Tne Goulbubn Rheb Catchment Aiea aboie Fildon Wfib 
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1 he Regression of River Dischargf on Precipitation 

The coefficient of correlation (r — +0 9464) indicates a very close 
association between annual precipitation and river flow over the range of 
the available observations Although the association is strong the estimating 
equation accounting approximately for 90 per cent of the total variance of 
the discharge data a decision had to be made respecting the basis on which 
the regression should be calculated that is to say whether P or R was to 
le regarded as the independent variable In any case the two possible 
regression lines are net widely divergent (sie I lg 1) bul is river fl w in 
this catchment is known to depend primarily upt n water from meteoric 
ourtes the choice of precipitation as the independent variable is appropriate 


Ihe loustants for the Goulbum catchment area are as follows — 
a — —16 31 b —i 0 8626 b represents the rate of change tf river flow 
per unit of precipitation in the absence of random divutnns Expressed 
graphically b corresponds to the slope of the straight line in heating the 
tegression of k 0 on P while a specifics the point if rigin n the R axis 
Rfl may be regarded as the volume of river flew which in iny yeai would 
be directly caused by precipitation in that year if there were no storage 
changes or other random deviations In the known absence of leakage the 
constants a and b are related to and are to be regarded as corrections 
for the amount of evaporation which occurs in the catchment The ratio 


o — a 


b 


— 18 91 illiicatcs the p int (R C “<r) it vhich the retire s n line 


intersects the P axis and therefore specifies the computed mean threshold 
precipitation below which all < f the rainfall would be evaporated leaving 
no surplus for river fle* A correction for any additional loss by evaporation 
of rainfall in excess of the threshold value is made by multiplying by 1 — b 
Ihe equation for the Goulbum River catchment may be expressed in the 
following alternative fum in which R c is estimated by multipljing the 
regression co efficient (b) by the difference between the mean threshold 
value and total precipitation — 


R e — 0 8626 (P - 18 91) 


7 


It is one of the basic assumptions of the present method of approach 
hat dependable estimates of R c can be made even when I sses by evaporation 
and fluctuations in storage are known to occur from year to year Individual 
values of the gauged discharges do not appear in the estimating t Ration 
but the whole of the available data is used in the statistical procedure for 
computing the constants cf the equation In this respect R 0 is haidly less 
important than the mean discharge and possesses the additional advantage 
that it can be computed for any observtd annual precipitation whereas 
R mean correspcnds only to the mem prcupitati n f r the while period 

It will lie observed by reference to Table III (column 8) f r Victorian 
catchment areas the constant (b) is always signihcmtly less than nnitv 


The Regression o* Evaporation on Precipitation 

The difference between precipitation and the gauged discharge may be 
regarded as a crude estimate of evaporation in a catchment area during a 
particular year but the effects of storage changes must be eliminated to 
obtain the true evaporation The most direct method for estimating E is, 
therefore to subtract the computed discharge (R a ) from precipitation (P) 



Table III —Typical Catchment Areas nr Victoria 
Correlation Data 


58 


V. G. Anderson: 



Evaporation and Storage Changes tn Rtver Catchment Areas 59 


Applying this method to the Goulbum catchment area for different 
values of P, the following typical results are obtained — 

Tablf IV —OouLBUkN River—Catchment 


7 he Regression of Evaporation on Prccipitition 
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Evaporation increases progressively with precipitation and discharge 
but its range of variation is much less This indication that ev iporation in 
the catchment area is insensitive to changes in precipitation is of importance 
when considering the accuracy with which evaporation can be estimated 
Iherc is a significant correlation (r —+0 423) between precipitation and 
crude evaporation estimated as the difference lietween P and R The 
relationship between P ind E in the Goulbum area may be expressed 
as follows — 

1 —0 137 P + 16 3 

At Melbourne total evaporation from a free water surface is usually 
less in wet than in dry yt ns A significant invtrse crrrelation (r ——0 403 ) 
was found between the rainfall and total evaporation at Melbourne when 
the records covering a period of 68 years (1877 1944) were investigated 
But the converse is true of evapo transpiration in Victorian catchments 
This regrtssional increase of evaporation on precipitation xn catchment areas 
is difficult to explain except by assuming that additional opportunities for 
evaporation occur in years of higher rainfall 


It will already have been noticed that the regitssion eo efficient of 
discharge on precipitation (b«»0 863) accounts only for 86 3 per cent of 
the rainfall even after making due allowance foi the loss by evaporation 
which is known to occur before any of the water is available for river flow 
Permanent leakage from the catchment would explain the inadequacy of 
the regression co efficient to account for the whole of the run I'd I in excess 
of the threshold value but leakage from this catchment is impossible owing 
to the impermeable nature of the underlying and enclosing rocks On the 
ether hand a regressional increase in evaporation is by no means unlikely 
Ijecause in Central Victoria the mean threshold value corresponds with an 
evaporation equal only to one half of the total annual e\aporation from a 
fiee water surface Ihe threshold evaporation does not, therefore exhaust 
the evaporative possibilities of the local climate Opportunities for 
evaporation at wet surfaces might be expected to be greater during years of 
abundant rainfall compared with the necessarily limited opportunities 
available in dry years Transpirational losses are also greater in good 

years, when vegetative growth is heavier 
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The regression of evaporation on precipitation is compared with that 
uf discharge in Figure 2. 

DISCHARGE EVAPORATION 



Fra. 2. 


Thk Residual Variance. 

Changes in ground-water storage can sometimes be estimated by 
observing the water levels of wells and lakes. Measurements have been 
made at Blue Lake, Mt. Gambier (S.A.), where the surrounding country 
is comparatively flat, and the porous Tertiary limestone permits rapid 
readjustment of the lake level to changes in the ground-water table. It 
seems doubtful, however, whether any analogous method could be usefully 
applied in the mountainous catchment area of the Upper Goulburn River, 
but estimates of storage changes can be made by comparing the gauged 
discharge (R) of the river with the computed discharged (R 0 ). The 
difference between R and R c is regarded as an estimate of net storage or 
depletion. As a first approximation, it may he accepted that increments and 
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decrements of stored water are responsible for the whole of the difference 
between R and R„ Two assumptions are involved—the first is that if no 
Btorage changes occurred, the relationship between precipitation and discharge 
would be strictly a linear one the second is that deviations due to storage 
changes if they do occur will be normally distributed alxmt the regression 
line The reliability of the estimate obtained by difference in this way 
depends of course upon the degree of accuricy with which (K e ) can be 
estimated as well as upon the reliability of the river gaugings 

Ihe assumption that storage changes are responsible for the residual 
variance is sufficiently well founded to warrant its adoption as a working 
hypothesis pending further investigation In the catchment of the A\oca 
River where storage changes are known to be small residual variance is 
idatively low It was also exceptionally low in the G nil urn area for 
Mven successive years when precipitation was not high eiu ugh to recharge 
this catchment which had beanie depleted during three preceding dry 
years A comparison of the char uteri sties of the Avoca and Goullmm 
catchment areas is of considerable inteiest in this connexion 

In the mountainous aieas of Eastern Virtori i climatic and physiographic 
conditions arc favourable to storage changes which n rmilly manifest 
themselves in large ptrcnnul sti earns Opposite eonchti ns pievail in 
north western Victi ria particularly in the catchment of the Avoca River 
where the terrain is relatively flat and the mean annual rainfall is only 
19 46 inches (nuximum 28 0) Deplcti n tan cccur only ft rn a previously 
charged catchment art i and a depleted catchment can only be recharged 
during periods of relatively high rainfall It is unlikely that in the Avi ca 
c tchment area prcctpitation is sufficient even m wet yeais to allow an> 
a| preaable surplus of stoied witcr to be earned over from year to year 
after evajiorative deimnds have lieen met Net storage changes ore 
therefote at a minimum although not completely absent and the river is 
semi intermittent in character ()\tr a period of 41 ye irs the standarn 
deviation of R was relatively low (0 90) compared with tint for tht 
( uillmtn catchment area (7 96) In these circumstances poor eorielation 
seemed inevitable but the association between precipitation and discharge is 
stiong owing to a corresponding decrease in residual variance the standard 
error of R for the Avoca aiea I cmg 0 49 which is less thin < ne fifth of 
that computed from the Goullmrn River records for 29 yeais (2 57) 

Included in the Goullmrn rcc( rds there is i pet in 1 f seven jeus during 
which the catchment area remained in a depleted condition after an earlier 
dry period Precipitation in the preceding three years was relatively low 
although river flow was comparatively high indicating a phase of depletion 
Precipitation during the sub period under review (1954 1940) was vamble 
lut the average (36 76) was below the mean for 29 years (39 06), and 
obviously insufficient to recharge the depleted catchment am Correlation 
of precipitation with discharge w is tinusinll) high (r 40 999) tlu linear 
relationship being represented by the following equation — 

R c 0 892 P — 17 7 

Ihe standaid error of estimation is 0 40 When this equation is used 
to predict the discharge of the Goulbum River corresponding to the mean 
P capitation for 29 years (39 06 inches) the estimate (17 1 inches) is not 
significantly different from the mean discharge (17 4 inches) for 29 years 
The predicted threshold value is 19 9 inches compaied with 18 9 inches 
the value predicted by the equation computed from the data for 29 years 
Strong correlation alone does not nertssanly indicate the absence of net 
storage changes because it is conceivable that during the sub period the 
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area may have been either gaining or losing water at a uniform animal rate. 
However, the close correspondence between the constants of the equation 
for the sub-period, and those computed for the period of 29 years, practically 
excludes both possibilities. Although a slight storage trend is indicated when 
the results for seven years are aligned with those for the whole period, they 
are consistent with the view that the shorter period was one in which there 
was no significant increase or decrease in storage. Obviously, the whole 
problem is simplified when periods substantially tree from storage changes 
are available as a basis for estimating evaporation. 

General Discussion of Results 

Storage and Depletionary Trends. 

Annual variations in precipitation, river flow, estimated evaporation, and 
storage changes, for the period under review, are illustrated in a group of 
compound bar-charts (fig. 3). 

COLBURN RIVER CATMENT AREA 
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This diagram shows whether apart from seasonal variations water was 
stored in, or released from the catchment area during a particular year 
Conclusions indicated are consistent with some well established facts 
concerning the storage of water in catchment areas and explain some 
apparent anomalies in discharge phenomena They also suggest several new 
fields of inquiry 

The general tendencies discernible in this diagram may be sunmnrized 
as follows — 

(а) Water is stored in a catchment area during cycles of high average 
rainfall An occasional dry year does not always alter the general trend 
unless a considerable amount of water has already been at cumulated m 
the catchment area 

(б) Deletion of water from a charged catchment occurs during 
periods of low average rainfall A single wet year does not netessanly 
alter a general depictionary trend 

(c) The amount of stortd water tends to remain constant from year 
to year when a period of depletion is soon followed by a furthei dry 
ptnod More than ne wu year may be requtred to alter this tendency 
which along with others is more clearly illustrated m the cumulative 
diagram (hg 3) 

There are also indications yet to he confirmed that fiords and other 
catastrophic phenomena facilitate the release of water from charged 
catchments possibly by eroding new seepage channels or by removing 
i atural barriers which would otherwise retard the escape of water 

Modified mass or cumulative diagrams despite obvious disadvantages 
arc particularly useful for illustrating storage changes in catchment areas 
ihe datum of the cumuhtive rainfall diagram is the mean annual 
precipitation for the whole period deviations from the mean being plotted 
cumulatively hstimaled gains and kssts of stored water are alst plotted 
cumulatively in a second diagram On comparing the twe charts several 
periods of release and recharge as well as the relatively cunstant ptriod 
ue recognizable together with eon esponding variations in rainfall On the 
lusts of these diagrams the period under review may be divided into the 
six sub periods shewn in fable IV 

Tahir IV— Goulhukk Catchment Arfa 1916-1944 
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APPARENT A NO MALIKS. 

Some apparent anomalies may be explained with the aid of the diagram. 
For example, during three years commencing in 1928, (c) the average 
discharge (16*1 inches) of the Goulbum area was lower than in the fdlowizig 
three years (19*6 inches), notwithstanding the higher average rainfall 
(39*7 inches) during the former period, compared with the rainfall (37*0 
inches) of period (d). To explain this anomaly in terms of evaporation 
changes would involve the highly improbable assumption that the avenge 
annual loss by evaporation in one period was 6*2 inches greater than in 'the 
other. The average difference in evaporation estimated from the regression 
of £ on P was only 0*4 inch. It has already been shown that evaporation 
is much less variable than either precipitation or discharge. The explanation 
indicated 'by these diagrams is that during sub-penod (c) appreciable 
amounts of water were retained in the catchment at the expense of river 
flow, while in the three following years of diminishing rainfall the flow of 
the river was augmented by water released from the catchment. This is 
not an isolated case, but is quite typical of many examples which could be 
cited from other catchment areas in Victoria. 

Sub-period (e) during which, as previously described, only alight 
changes in stored water occurred, except possibly for seasonal variations, is 
also typical of the behaviour of other river catchments during periods of 
low average rain following an earlier dry period. Apparently a state of 
equilibrium was reached, beyond which further augmentation of river flow 
by ground-water was impossible. 

Evaporation during Storage. 

Evaporation and storage conditions in catchment areas are closely 
related, and both have important effects upon the quality of river waters. 
The effects of evaporation can be recognized and estimated by observing 
changes in the concentration of chlorides originally present in the rain-water. 
In the Eastern Highland*, springs and seepages feeding the mountain-tract 
tributaries of river systems, yield waters containing very low concentrations 
of chlorides. A marked increase is usually observed before the streams 
emerge into larger river valleys. Progressive increases in chlorides are 
found in tributaries which enter the main stream from open plains. It is 
often supposed that the higher chlorinities of the lower reaches of a river 
are due to the ocean, but the same tendency is noticeable in some rivers north 
of the Main Divide, and which flow away from the coastline. Greater 
opportunities for evaporation in the open plains account for this increase 
in salinity. 

It is well known that the dry-season flow of rivers is often more saline 
than the flow in wet seasons. But the author has observed that the 
chlorinities of some river waters, in Victoria, are definitely lower during 
dry seasons# The waters of the Yarra River, and of other Victorian 
streams, contain a higher proportion of chlorides in winter than in summer. 
After prolonged droughts, the Yarra water is consistently lower in dissolved 
solids. Storage conditions explain this unexpected effect on river waters in 
Eastern Victoria. Ground-water temporarily stored deep below the surface 
in mountainous areas is partly protected from atmospheric evaporation and 
transpiration. But in flat poorly-drained country, particularly when most of 
the underground-water remains near the surface within reach of the roots 
of trees, appreciable evaporation occurs during the storage period. Release 
of grOtfld-water from protected parts of elevated catchment areas continues 
throughout the dry season, and then constitutes the principal source of river 
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flow The preponderance of water which has been protected from evaporation, 
thus reduces the chlonnjty of the nver water in dry periods because flow 
from the lower and less efficient part of the catchment then becomes 
negligible, or entirely ceases In the following wet season water stored in 
lower parts of the area which had become more or less concentrated by 
evaporation during the dry season is earned to the mam nver in the flow of 
intermittent tnbutanea thereby making an appreciable addition to the 
salinity of the nver water 

Upstream Storage Capacity 

The rate at which water can be retained or itdcased during an annual 
penod appears to be limited but unidirectional trends often persist for many 
years, m extreme cases for 20 years before a reversal occurs on completion 
of a rainfall cycle In the Goulburn area during the period under review 
six successive years between 1919 and 1924 was the longest sub period in 
which water was absorbed depletion occurred during the following three 
jears Storage reached a maximum value in 1930 of 10 2 inches above 
datum After a period of rapid depletion the value fell to 1 8 indies below 
datum and remained almost constant for another seven years 1 he difference 
between the maximum and minimum vilues (12 inches) is equivalent to 
960000 acre feet for the whole catchment and it may be legarded as a 
preliminary estimate of the upstream storage capacity of the Goulburn area 
during the period under review It is interesting to note that this volume 
is rather more than three times the present capacity of the 1 ildon Reservoir 
A period of minimum storage was clesily reached betwtLn 1934 and 1940 
but the catchment may not nave been fully charged in 1910 Obseivations 
covering a longer period would be necessary before this question can lie 
answered Records extending for 00 years are available for the Mitta 
and Upper Murray River catchments where the upstream storage capacities 
indicated are considerably higher Rainfall distribution md ether physical 
conditions would obviously affect the total storage capacity of t catchment 
area and these differ from those prevailing m the Goulburn aiea The 
possibility of being able to make even approximate estimates of the upstream 
storage capacities of catchment areas opens up an interesting field for 
further investigation 
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Art. Vfl — The Victorian Earth Tremor of 3rd November, 1944. 

Hy A. J GASKIN, M.Sc. 

I Read 12th July, 1945] 

A strong earth tremor occurred in Victoria on November 3rd, 1944. 
In the Mellxmine area, it was felt between five and six minutes after 
midnight of Novemlier 2nd The tremor was generally described as 
beginning with an audible phase, which varied, according to the locality, 
from a loud crack to a low rumbling sound, followed or accompanied by 
(me or more phases of more or less intense vibration lasting from one 
to four seconds 

The shock was recorded by the seism jgraph at Melbourne Observatory. 
The period of vibration waN not great enough to lie measurable on the 
record. The velocity of travel of the light beam in the photographic 
recorder lieing comparatively high, the ]x*aks of the waves on the trace 
have been underexposed so that the maximum amplitude cannot be 
determined with certainty |t was probably nut much more than 2 mm., 
corresponding to a ground movement of 8/i at the Observatory. The 
following measurements were obtained from the record;— 
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The distance of the epicentre from Melbourne as estimated From the 
F-M interval is of the order of 45 miles, which is nearly twice the distance 
of the Momingtnn epicentre from Melbourne (Holmes, 1933). Iliis 
accounts in part for the smaller amplitude of the 1944 tremor as recorded 
in Melbourne The over-all intensity of the 1944 tremor was, however, 
considerably less than that of the 1932 shock, minor destructive effects in 
the cpicentral area of the 1944 shock lieingcomparatively rare. 

Following a public request for information, about 100 reports concerning 
the tremor were received from observers in the Melbourne area, and about 
75 from country observers. Intensities on the modified Mercalli scale 
(Wood and Neumann, 1931) were assessed from these reports, and mapped 
in an attempt to determine the epicentre of the shock Because of the small 
degree of variability of intensity shown between reports from widely 
separated areas, this procedure did not give a particularly accurate map of 
the isoseismals, but when the nature and duration of the phases of the 
ttemor (described in most reports) were taken into account, a more satis¬ 
factory approximation to the epicentre was obtained (see text fig.). 
Reports from localities within the 4 isoseismals describe the audible phase 
as a \ovd crack, with a very short interval between it and the subsequent 
phase ot movement. The latter was felt as a very rapid jolting vibration 
of fron^ one to two seconds' duration With increasing distance from the 
epiceotial region, the preliminary audible phase was reported to become 
lowajpn pitch, dying away to a dull rumble in localities near the 3 isoseismal. 
In fnost districts outside the 3 isoseismal, the tremor produced a slower, 
more rhythmic, ground movement, unaccompanied by an audible phase. 
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Although the maximum reported intensity of the tremor was little more 
than 4 allowance must be made for the fact that the main epicentral 
region i« situated in uninhahUtd mountainous country near the derberean 
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Ranges a district from \ u ich no mtormatioi could Ik < btamed It is 
probable however that the maximum intensity of the tremoi was nowhere 
greater than 4 5 and the shock appeals to ha\t lcen of a multiple focus 
type due to shallow depth f lull movements asst anted with a NL SW 
stress line 

The suggestion of a multiple focus effect is based on the presence Of 
the local epicentres near Healesvdle and Mt Dandenong 1 hen positions 
on the map are based on the various aspects of the reports received from 
these districts One aspect of the reports that >f the direction from which 
the audible phase appeared to come although often found to be an unreliable 
factoi in seismic work gave reasonable evidence in this rase as the directions 
reported, with very few exceptions pointed to the two local epicentral areas 
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At a point close to the line joining these two epicentres, two distinct audible 
phases were reported, the second being almost simultaneous with the ground 
movement phase of the first. 

The assumption that the fault movement occurred at a relatively shallow 
depth 19 based on the sharp high-pitched nature of the audible phase in 
localities near the epicentres. Further evidence suggesting that the shock 
was connected with more than one focus is provided by the fact that it was 
felt over a considerable area (nearly 10,000 sq. miles), with no very great 
variation in actual intensity, although the epicentral areas were sharply 
defined by the character and time spacing of the phases. Blake (194-1) has 
indicated that this type nf shock is characteristic of simultaneous shallow- 
depth faulting along several inter-related lines in a stress zone. 

The isoseismal map of the trtrrmr (p. 67) shows that the three 
epicentral areas occur along a N E.-S W line, which when produced to the 
S W. joins the line of the Beaumaris monocline, and further S.W. the line 
of the Curlewis fault. It seems probable, therefore, that this line represents 
the strike of a fault or the trend of a stress zone in which minor faults 
are at present developing. Such a fault line would represent the north¬ 
western limit of the north-east south-west set of faults which are prominently 
developed in South (iippsland. 

It is apparent from the map <p 67) that the isoseismals are not only 
elongated along the direction of the stress zone containing the epicentres, 
hut are asymmetrically distributed in directions at right angles to this zone 
The shock waves have been transmitted to a much greater extent to the 
north-west of the stress zone than to the south-east. This effect is well 
shown on the map by the outermost (broken) isoseismal, which represents 
the limit of detection of the tremor. To the south-east of the epicentral 
area, this limiting isoseismal is very close to the Heath Hill and Bass River 
fault lines, so that it is almost certain that the relatively incompetent Jurassic 
and Tertiary sediments to the south-east of these faults have absorbed the 
rather high frequency shock-waves characterizing the epicentral areas to a 
much greater extent than have the rigid igneous and sedimentary rocks of the 
basement complex to the west and north-west of the epicentral zone. 

The other point of interest concerning the geological aspects of the 
tremor is the fact that the epicentral areas are all within or near the 
boundaries of thick Devonian dacite flows, which overlie a basement complex 
of intrusive igneous rocks and older folded sediments/ This observation 
suggests that it was only at points where the stress zone intersected massive 
lava flows that fracturing occurred sufficiently suddenly to give rise to the 
high frequency vibrations which characterize the districts that have been 
referred to above as epicentral areas. 

There may be son^significance in the fact that the tremor occurred in 
a period of intense drttaght following a succession of dry seasons, during 
which it is probable tpit'the level of the water-table had been reduced more 
in the mountainous dacite areas than in the low-lying country surrounding 
them. The resultant change in the total weight of the dacite mountain 
masses may have been sufficient to generate the trigger force, which caused 
the sudden release of pre-existing tectonic stresses. 

• 
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Abstraot 

When A partly polished opLical Bat was placed race downwards cm a standard flat 
and illuminated by a small bright white light source the pattern corresponding to the 
colours of thick plates was observed encompassing the image of the source When the 
top surface of the standard flat was aJumimzed the pat cm was much more intense 
A new phenomenon occurred when the pair of plates was illuminated by Ight from a 
mercury lamp which passed through a narrow slit the single pattern giving place to 
two separate patterns whose intersections gave the locus of the pattern observed with 
white light When the scattering surface was made semi reflecting the double set of 
patterns became sharper one set being localired m the plane of the scattering surface, 
the other m planes corresponding to the position of the Newton ring pattern formed 
by multiple reflections Various experiments arc described for studying these patterns 
It is concluded that all three systems of fringes are prcduccd by niultule reflections 
between the two reflecting surfaces the assumption of Stokes that the colours of thick 
plates could only 1 e produced by light passing and repass ng the ame particle being 
unnecessary It i:» considered that the pattern corresponding to the colours of thick 
plates is produced by the summation of the intensities of the light from a pair of 
separate patterns of the simpler Newton nng type one set being produced by light 
scattered by the top surface aid then suffering mult pie reflections between the surfaces 
before reaching the observer the other i»ct being produced by 1 ght from the source 
suffering multiple reflections between the plates and finally being scattered by the 
scattering centres 


Introduction 

When a partly polished optic'll flat was plated on a standard flat and 
illuminated by an electric limp it was m tuecl thit an interference pattern 
which differed from the usual Newton ring pattern was observed 
surrounding the image of the source It was also observed that when a 
bright mercury lamp was used the pattern was resohable into two systems 
of fringes of the Newton ring type the intersections of which produced a 
pattern similar to the first pattern observed Ihe double set of interference 
patterns was sharper and more easily observed when the scattering surface 
was also made semi reflecting 

A search of the literature revealed that Newton Young Stokes and 
others had been interested in interference patterns produced by surfaces 
capal le of scattering light a phenomenon often discussed under the title 
The colours of thick pates Si far as the author is aware the pair of 
patterns observed when a monochromatic light source was used has not 
previously been recorded The theory suggested to explain these latter 
patterns lead to a more general interpretation of the theory of the colours 
of thick plates so it is proposed to summarize the conclusions reached by 
some of the previous workers to describe the experiments that were earned 
out to obtain the additional system of fringes and to discuss an explanation 
for them and for the colours of thick plates 
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Barker Bxperimental Work on the Colours of Thick Fla^i 

Newton (1) in the fourth part of his second book of Optics described 
the following experiment. A white opaque card, pierced with a small hole, 
was placed at right angles to the optic axis of a concave glas9 mirror which 
had been quick-silvered at the back. The hole was at the centre of curvature 
of the mirror and the apparatus was arranged so that sunlight passing 
through a hole in a window shutter of a darkened room passed alto through 
the hole in the opaque card and fell perpendicularly on to the mirror. A 
set of coloured rings was observed on the card encompassing the hole, 
and Newton attributed them to light scattered on entering the glass and 
then regularly reflected and refracted. He applied his theory of fits to 
account for the fringes. 

In 1755 The Duke of ChaUlnes (2) produced similar fringes by 
substituting in place uf the glass mirror a metallic speculum in front of 
which he placed a plate of tarnished mica. The distance between the 
scattering surface and the reflecting surface could be readily varied, and 
he observed the variation in the diameter of the fringes with the distance 
between the surfaces. He also found that the brilliancy of the fringes 
produced by Newton's method was increased by breathing on the glass 
oi by spreading over the surface a small quantity of milk and water, which 
on drying produced a good light scattering surface. 

Quetelet (3) described a set of coloured bands that had been observed 
by Whewcll when the image of a candle held near the eye was viewed by 
reflection in a plane mirror of silvered glass placed at a distance of some 
feet. Whewell and Quetelet found that it was an essential condition of 
success that the surface was not perfectly bright and to ensure the pro¬ 
duction of bands it was sufficient to breathe gently on the front surface 
of a cool mirror. Instead of vapour, which soon evaporated, Quetelet 
recommended a tarnish of grease. 

Young (4), Ilerschel (5) and Stokes (6) applied the wave theory to 
account for the fringes observed by Newton They assumed that one 
stream of light was reflected by the mirror and then scattered at the surface, 
another stream was scattered at the surface and then reflected by the mirror. 
If the two portions of scattered light coincided in direction they were 
capable of interfering, bright hands occurring when the retardation of the 
two beams was an integral number of wave lengths. Stokes came to the 
conclusion that in order for the two streams of scattered light to lie capable 
of interfering it was necessary that they should be scattered, in passing 
and repassing, by the same set of particles. 

The experiments which will be described later using monochromatic 
light show that it is possible to observe two systems of fringes One set 
is produced by light scattered at one surface and then reflected; the other 
by light reflected between the plates and finally scattered. The intersections 
of these two patterns give the positions of the interference pattern studied 
under the title of the colours of thick plates. 

The explanation for the double set of fringes observed when using 
monochromatic line also accounts for the single system that is observed 
with white light and this will be discussed later in this report. 

Experimental Investigation 

If onTsurface of a glass plate, capable of scattering, transmitting and 
reflecting light, is placed close to another surface which is capable of 
reflecting light, one might anticipate that there would be two ways in which 
an interference pattern could be produced. Consider Fig. 1(a) which 
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represents two glass plates separated by a layer of air If surface A is 
capable of transmitting reflecting and scattering light and surface B of 
reflecting light an interference pattern weuld be observed by reflected 
light interfering with transmitted light the Anal beam being scattered by C 
Scattering centre C will he blight when viewed from any direction 
provided that 

( n i + i)* *■ 2d cos $ 1 

where $ is the angle of incidence of the light n t 'in integer mid X is the 
wavelength of the light employed 



The system nf fringes represented by firirmlt (l) will be Usigmtul 
is Set 1 in this discussion 

The other system of fringes which we shall i dl Stt 2 is hit to tin 
interference of light that has been scalten. 1 fr m a si altering cntu C 
and reflected by multiple reflections from the adjacent surf ices of the glass 
phtes (see I ig 1(f)) C onstruitivc liitcrfciciice m wlii 1 irved at 
an ingle 0 provided 

( n a + 4)* “■ 2d ers 0 2 

n an integer 


(Set 2 pattern could also be produetd by scattering centres n the tip 
surface of the top plate ) The angle of incidence of the light will have 
no effect on this set of interference fringes itliei than t) vary it bngitncss 

It was found possible to learly observe he two sets f interference 
patterns corresponding to Set I inti Set 2 using the cx|cnniental 
arrangement of fig 2 
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For this experiment the two plates were optical flats about four inches 
in diameter. The lower surface of the top plate was made semi-reflectittg 
(half aluminized), the top surface of the lower plate being reflecting (fully 
aluminized). The scattering points were scratches on the semi-aluminized 
surface, or were simply produced by spreading a thin smear of oil over 
the surface with a anger. The surface containing the scattering points 
was then placed parallel to the reflecting surface of the bottom plate. The 
flats were placed on the table and illuminated by a mercury lamp. The 
light from the source passed through a narrow slit (about 2 mm. wide) 
in a large black card, and the plates were arranged so that the scratched 
lines or smears of oil were normal to the direction of the light. On 
observing the reflected image at O it was observed that a double Bet of 
interference fringe patterns was visible, the one corresponding to Set 1 
fringe pattern being localized in the plane of the surface of the half 
aluminized plate, whereas the other pattern (Set 2) was localized in a 
curved surface close to the scattering surface. This latter pattern 
corresponds to the position of the Newton ring pattern formed by multiple 
reflections, as given by Feussner (7) and discussed by Tolansky (8). (The 
double Newton ring pattern due to polarization observed by Tolansky is 
not resolvable under these conditions.) When one of the glass surfaces 
used in this experiment was slightly convex, the resultant ring pattern 
for Set 2 was localized in a regular curve one half before and one half 
behind the glass surfaces. For an air film the apparent distance D of 
the fringe from the surface of the plates is given by 
r. d sin 0 . 


where d is the separation of the plates at the point where the reflection 
of the light which produces the fringes occurs, * is the angle between 
the surfaces of the two plates at this point, and 0 the angle of reflection 
of the light. Figure 3 illustrates the apparent location of the fringes 
observed at an angle 0 to the normal. 
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Pio, 3—FJrnra lUsctratiBf spptrot location of frlofe* for a apberletl tnrfac* with 
multiple reflectum. 


On studying the interference patterns produced, each set could be 
readily distinguished. When the observer moved, Set 2 pattern moved in 
the same manner as the usual Newton ring pattern, whereas Set 1 remained 
stationary relative to the plate. This confirms the interpretation that has 
been given. 




Interference Fringes Produced by Scattering and Reflection 7? 

Owing to the different location of the two seta of fringes produced 
in thi$ manner it was difficult to obtain a dear photograph stewiag both 
sets together Plate £11 fig 1 gives the general effect of the combination 
of the two patterns The plates had been tilted so as to form a wedge 
angle, the two sets of fringes being then approximately straight lines 
inclined at slightly different angles The intersection of these systems is 
clearly seen as bright and dark bands running across the photograph and 
these will be discussed later 

The double set of interference patterns could also be observed when 
the top surface was not made semi reflecting The patterns were then not 
as sharp the effect of half aluminizing the top plate being to increase the 
resolution of the fringes The double system of fringes could not be 
observed When white light was used and this would account for the fact 
that they had not been observed by the workers mentioned earlier in 
this report 

A confirmation of the above interpretation of this double set of fringes 
was obtained by means of the following simple experiment 




tio 4 — Yt tied plate l M p oriucr* \ le n % n Ur to Set 1 
Frosted plite at M, produces pattern ■ tor to S*t 2 
i Itered me cu y trren 1 gfat w U pola o d used 


One surface of an optical flat was made semi reflecting and this was 
placed close to the surface of another flat that surface being a good 
reflector (fully aluminized) The surfaces were illuminated as in the 
earlier experiment the observer being at O A lightly frosted plate was 
placed at M x (fig 4) and an interference pattern was observed on the 
plate This pattern corresponded to the bet 1 system of fringes It was 
slightly enlarged owing to the distance of M x from the reflecting surfaces 
This pattern did not alter when the observer moved although it changed 
when the position of the source was altered When the frosted plate 
was moved from M x and placed at M, the pattern corresponding to Set 2 
was observed (In taking these photographs a polaroid plate was placed 
before the lens of the camera and rotated until a sharp interference pattern 
was visible In this way the doublet system produced by the differential 
polarization phase change on reflection at a metallic surface is reduced to 
a single sharp system ) The shape of this pattern varied with the position 
of the observer but not with the position of the source These two patterns 
corresponding to the frosted plate at M t and Mj usually appeared distinctly 
different, and a typical example of such a pair of patterns is shown tn 
Plate III f tg 2 With the plate at M, the pattern was circular, a single 
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interference colour practically covering the diameter of the plate, wberefct 
with the plate at M, the line pattern was observed. Since the pattern with 
the frosted plate at M, corresponded exactly with the Set 2 pattern produce 
by scattered light at the surface of the plate one can infer that the interpre¬ 
tation given in fig. 1 (b) for Set 2 pattern is correct. For the frosted plate 
placed at Mj and using surfaces free from scattering centres, fig. I{b) 
could be modified slightly to interpret this result. Scattering centre C' 
would 1* placed above the top plate at a position corresponding to the 
frosted plate A ray from this point making an angle of incidence of p 
to the normal would produce a set of rays similar to those shown from, 
scattering centre C' in fig 1(b). The condition fof interference maxima 
would be given by 

(n, + *i)A — 2d cos 0 .4. 

where « 4 represents the phase change at reflection from the surfaces. To 
simplify the discussion we will consider glass surfaces that are not 
aluminized giving equal to i. That is, equation (4) becomes 

( n a + iM — 2d COS 0 .5. 

Jf the interpretation for Set 2 pattern had been modified by omitting the 
ray that is scattered back into the glass from C' towards the observer 
(fig. 1(0}), a swem of iiingcs wouici be expected corresponding to 

n a A —* 2d cos 0.(». 

assuming again that the surfaces were not aluminized. This formula 
corresponds to the transmission interference fringe pattern for two parallel 
plates and it is noticed that it would be displaced one half fringe relative 
to a system corresponding to equation (5). The ratio of the intensities 
of the maxima and minima corresponding to equation (6) would be less 
than for equation (5), the theory being similar to that of patterns corre¬ 
sponding to transmitted and reflected Newton Ring patterns. This 
displacement of one half fringe between the pattern observed with the 
frosted plate at M 8 compared with the pattern corresponding to Set 2 is 
not observed cither when the plates are aluminized or when the aluminium 
layers are removed. We may thus infer that the first ray scattered from C' 
back into the glass and thence to the observer is necessary in the interpre¬ 
tation of the Set 2 pattern. It is also assumed that the ray in fig. I (a) 
which reaches the scattering centre C without a previous reflection and is 
scattered to the observer is required in the interpretation of Set 1 pattern. 
The study of the colours of thick plates confirms this assumption as will 
be shown later. 


The Colours oi Thick Plates. 

When, with the experimental arrangement shown in fig. 1, a white 
light source was used in place of the mercury lamp, a coloured line pattern 
was observed corresponding to the intersections of the two systems discussed 
above. When the plates were parallel, the lines were straight and approxi¬ 
mately symmetrical about the reflected image. When one plate was tilted 
so that a wedge of air was formed, the distances between the lines was 
greatest where the air separation was least. With this experimental 
arrangement it was found difficult to obtain clear photographs of this 
pattern, so another method wai used. A pair of plates of suitable size 
was inserted in place of the prism in a constant deviation spectrometer 
which had been adjusted for parallel light. One surface of one of the 
plates was aluminized, and one surface of the other plate carried scratches. 
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These scratches had been produced by sliding the plate over a sheet of fine 
emery polishing paper, the motion of the plate being maintained parallel 
to one edge of the plate. These surfaces were set parallel and close to 
each other, small pieces of plasticenc being used to separate them. The 
scratches were arranged so that they were normal to the direction of the 
incident light. With the arrangement shown in tig 5(a) the angles of 
incidence and emergence are approximately 45 degrees. With the 
arrangement of fig. 5 (b) the angles of incidence and emergence are very 
small, the separation of the lines for the same distance lietween the surfaces 
of the glass plate being much greater. A photograph of the pattern was 
taken using the arrangement of fig. 5(a) and vs shown m Plate Lll , fig 3 
A mercury lamp and green filter had lieen substituted in place of the white 
light source, but it will lie noticed that even using monochromatic light 
the lines are diffuse and in the form of broad bands. 



C o nwna! 


Fio 5 . — U) Experiment'd orrdngcment for observing diffraction patti rn where vparatnm of 
plain ii mull, $ owl ^ ft! w/4, 

ft) Experimental an angement for lir^er adjuration of plitei, B »nd ^ ft 0«. 


When tlie lines were ruled at varying distances apart with a ruling 
engine, so as to maintain constant the depth of the scratched lines, the 
broad band effect was still evident A similar pattern was observed when 
parallel lines were scratched on one surface of a glass plate, the other 
surface of which was aluminized. These patterns correspond to those 
previously studied under the title of 14 The Colours of thick plates." 

There are two ways in which we may interpret the production of these 
fringes. The first follows the lines suggested by the earlier workers. 



Fio. 6.—Explanation of colours of (hick plates, using assumption of Stokei (a) air film. 

(M nnvle plate 

Let C (fig. 6(a)) lx; one of the linos of the lower surface of the top 
piste and d the distance between the plates. According to Young and 
Stakes it would be possible for ray A' A B C C" F to interfere with ray 
G C' C D E E". Both rays have been reflected from the bottom {date 
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and scattered by the same scattering centre C. Provided we neglect the 
differential phase change for different angles of reflection, the optical path 
difference or retardation is 

(AB + BC + C" F) - (GC + CD + DE) — 2d (cos 0-cos0). 
Thus interference maxima will occur at angles corresponding to 

nA — 2d (cog 0 — cos 0). 7. 

where n is an integer. 

It is interesting to compare equation (4) with that for the diffraction 
grating namely nA — (sin $ — sin 0) where d Y is the distance between the 
rulings. When 2d — d t grazing incidence spectra for the grating corresponds 
to normal incidence spectra for the above. 

The dispersive power of the system is represented by d0 / dA —■ 
n/2dsin0. For small angles of 0,d0/dA becomes large, which accounts 
for the increased dispersion using the experimental arrangement shown in 
fi g-5(b) over that shown in fig 5(a). 

When the parallel lines are scratched on one surface of a glass plate, 
the other surface of which is aluminized, the paths of the rays is given 
in fig. 6(b), Here 

nA' =* 2d (cos $ f - - cos 0').8. 

where A' is the wave length of the light in glass, $’ and 0' the angles to 
the normal in glass. This would correspond to the arrangement studied 
by Whewell and Quetelet. 

An alternative suggestion would be for two interference patterns 
to be produced separately as given earlier. Fig. 7 is drawn to illustrate 
this possibility, the full lines representing the production of one system 
(Set 1) and the broken lines the other system (Set 2). 

For Set 1 system, i.e. light reflected between the plates and then 
scattered by C, we have, assuming glass surfaces 

{ii] ”■ 2d cos 9 .1 





Fio. Alternative fxpUnttJfm of colour* of thick platei. 
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and for Set 2 pattern, corresponding to light scattered by C' and then 
reflected between the plates, 

( n * + i)A — 2d cos 0 .2. 

The intersections of these two systems Will be given by 
(n, — n a )A — 2d (cos 0 — cos 0) and 
when n — n* — n a 

nA — 2d (cos 0 — cos 0 ) 

and this agrees with equation (7). It will be noticed that it is possible 
for the same scattering centre to produce both sets of patterns (Set 1 and 
Set 2), i e. for C and C' (fig. 7) to coincide, and this will cover die original 
explanation of the production of the fringes if we neglect the possibility 
of several reflections before and after scattering We may therefore 
conclude that the second explanation is a moie general one and accounts 
for the various types of interference patterns produced by scattering and 
reflection. 

It was shown earlier that by comparing the pattern corresponding to 
Set 2 with a pattern observed when a frosted plate was placed at M a 
(fig 4) f that a ray directly scattered from C' was necessary to explain 
die Set 2 pattern. The equation for this pattern was shown to correspond 
to that of equation (2) above Since equation (7) for the colours of 
thick plates correspond to the intersection of the two patterns Set I and 
Set 2 we may, assuming equations (2) and (7), deduce the equation for 
Set 1 It is found that this corresponds to equation (I). To interpret 
this equation it is necessary to assume the interference of the rays given 
in fig. 1(a), one ray from the source reaches C without suffering reflections 
between the plates and is then scattered, whilst other rays are reflected 
between the plates before being scattered towards the observer. 

Stokes affirmed that the pattern corresponding to the colours of thick 
plates could only be produced by light passing and repassing the same 
particle. He reached this conclusion as he was unable to observe the 
coloured pattern when he viewed a luminous point through a plate of glass 
both surfaces of which possessed scattering centres. An alternative 
explanation of his result would be that since neither surfaces contained a 
reflecting layer the intensity of the patterns produced would be low, and 
the resultant interference pattern difficult to see The two patterns would 
also be produced similar to the manner of transmission Newton Ring 
patterns and for glass surfaces, that have not been made senu-reflecting, 
these have not the contrast of reflected interference patterns. The coloured 
pattern corresponding to the colours of thick plates for a white light source 
has nevertheless been observed by the author on viewing a distant lamp 
through a glass plate, one or both surfaces of which carries light scratches. 
A simple way of observing the pattern is to view at night tune a distant 
lamp tnrough a window of a railway carnage. These windows are usually 
acratdied, particularly near the edges, the lines there being reasonably 
parallel. It is necessary for one surface only to possess the scattering 
centres, and the interpretation of multiple reflections given above can be 
simply modified to apply to this case. The pattern can be more clearly 
seen when the surface of the glass plate is at an angle to the direction of 
the light, the intensity of the reflected light being then greater than for 
reflections of normal incident light The pattern is even more easily 
observed when a source is viewed through two nearly parallel surfaces 
that have deposited on them a light semi-reflecting layer, one of which 
has also been made capable of scattering light. 




Oottofaglon 

In concluding it may be stated that by using a source that provides line 
spectra m place of continuous spectra for example a mercury lamp in 
peace of sunlight, the study of the colours of thick plates has been tnade 
more complete lwo additional sets of interference patterns have been 
observed and the interpretation of these has suggested a different interpre¬ 
tation from tint given previously for the colours of thick plates To 
account for the additional sets of interference patterns observed it u 
necessary to assume several reflections between the two surfaces of glass 
and the experiments described in this paper have shown that by increasing 
the number of reflections the resolution of these patterns has l>een increased 
It was nhseiud that the locus of the intersections of these two patterns 
gives tin system previously described under the title of the colours of 
thick platts Stokes concluded that it was necessary for two rays to be 
scattered 1>\ tin simc scattering element in order to account for the pattern 
observed bv Newton His reason for this conclusion has been discussed 
and it is shown tliat an alternative suggestion satisfactorily fits in with the 
experimental tisuits It is proposed that the colours of thick plates can 
be expl uned is the summation of a pair of patterns of a simpler Newton 
ring type which arc produced independently the assumption of Stokes 
given above Ixnng unnecessary 
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Introduction 

lhc alkali mcks c f tlu Poit Cvgnct district vvtic hist dtscubed by 
I welvetrccs m i senes f shmt pipits pul lished betwetn 1S9S md 1007 
and liter b> Paul (190o) Pbiv were thought to be if Punmn age until 
Sktats (1917) showed that the related porphyry dykes ncai Woodbrulge 
lit mtiusive into the M(.so70ic dolcttUs I uithci instances ot this 
relationship wcie discovered subsequently at Pori Cygnet by Reid (1922) 

The rocks wen known simply as felspar porphyries on account ot 
their strikingly porphyntic chaiactci until Twelvetrccs and Pttttid (1898) 
attempted the difficult task of classifying tlnm—one of the earliest petto 
logical studies made in Tasmania 1 or this purpost they examined i 
collection of specimens whose field jelations were not always known some 
of them being not in situ wlun collected They divided their specimens 
into three groups — 

(1) I ffusive rocks—comprising hauvru trachytes aegirme tiichytes 

imlanitc trachytes and augite trachytes 

(2) Intrusive rocks—computing sanidme augiti hauvne iplitts and 

malchites (diontes) 

(3) Plutonic rocks—comprising augite syenites both with and 

without elaeolite 


10896/40 —6 
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The so called effusive rocks interpreted as contemporaneous lava 
flows in the Permian sediments exposed in the workings of the Livingstone 
mine 2 miles northeast of Cygnet (I ovett) township were discovered to 
lie thin sills or bedded dykes and in a htu classification ( Twelve trees, 
1902) the effusive rocks were grouped with the intrusive rocks as 
dyke intrusions At this time also lwelvetrees (1902A) drew attention 
to the unusual rocks occurring at Regatta Point on the western shore of 
I ort Cygnet Ihese he interpreted as the products of the differentiation in 
s tu of a small stock which showed «utward gradation from a core of 
yemte through essexite to a margin of the rare rock type jaeupirangite 
His identifications jf these rock types were confirmed by Professor 
Rnsenhubch of Hudellierg to whom he submitted specimens and later by 
Paul (1906) who desenbed in detul the collet turn of Tasnunnn igneous 
rocks sent to Rostnbusch by lwelvetrees and made several chemical 
analysts of them I he first chetrmal anil>ses cf any Pert C>gnct rocks 
were made by McT eod and White (1899) 

In 1907 lwcheticts ngun icdissificd the P r* ( u^iut ricks int > 
two groups — 

(1) Plutonic rocks—comprising quartz augite syenite (akente) 

eheohte syenite esstxitt monchiquitic shonkinitc (monchi 
quitio nephehnitt of Paul) and jaeupirangite all these types 
occurring chiefly at or near Regatta Point 

(2) Dyke rocks—compiising ncphelme sjenite porphyry (sc nietimes 

Ixanng haujnc) solvsbergitc porphyry mica solvsbergite, 
tinguaite and tingtmte porphyry 

In 1917 Skeats describing various dykes from the Oyster Cove and 
Port Cygnet districts teferred to them by the simpler description of alkali 
poiphyry 

Prfsfnt Work 

In 1937 tlie author visited Port Cygnet to study in detail the supposed 
differentiated stock it Regatta Point Lxanunatu n of these rocks has 
shown that there is no differentiated stock and that most of the unusual 
rocks reported by lwelvetrees and Paul such as essexites monchiquitic 
shonkinites and jacupirangites are not differentiates of a syenitic magma 
hut hybrid rocks of very local development formed by reaction of a 
potash rich magma with a body of Meso7mc dolentc Mapping also revealed 
that a single type of fine grained alkali porphyry predominates throughout 
the district and that the unusual rock types that figure so largely in previous 
descriptions constitute somewhat less than 1 per cent of the total volume 
jf igneous rocks exposed 

Twelvetrecs collections of rocks and thin sections have been dis|>ersed 
and the collection at Heidelberg described by Paul is not available This, 
combined with the absence of any previous geological map showing the 
distribution of their rocks types or even the location of the described 
s]x.cimens makes it difficult to correlate them always with the descriptions 
that follow T he collections of the Geology Departments of the Mcllxmrne 
and Sydney Universities include a number of specimens from this area which 
were put at the author’s disposal These specimens were gathered in the 
company of Twelvetrees but their localities are not always described 
precisely They do not differ however, in any particular from the rocks 
c Elected during the present investigation 
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The first geological map of the district wab made by Reid (1922) based 
on a reconnaissance of the area in connettion with a study of the Sandfly 
coal measures This map outlines the general distribution of the Tertiary 
igneous rocks without differentiating the types Ihc map ucompanying 
this paper (fig 2) is Iwstd up n Held s imp tht f mill ic with some 
modifications being taken from an unpublished map prepared I y the late 
Dr A N Lewis of Hobart and generously placed at my dispt sal by him 
Reid s boundaries have been considerably alteicd but trie geological 
boundaries as now drawn are still conjectural in a numl er i f places marked 
by broken boundaries in fig 2 However the possibility f my reluming 
to the aiea to complete the field work is so remote that it is thought best 
to place the work on record as it n)w stands lhc localities of anilysed 
specimens and other specimens specifically rcfcrrel in in the text arc 
indicated by numl>crs thus (81) on hgs 2 and 4 

General Geology 

The Tort Cygnet district is afcnut 10 miks si nth of Hr hart I etween 
the D Fntrecastcaux Channel on the east and the Iluon Estuary m the west 
and south It is divided centrally h) the Port Cygnet a tnl utary of the 
drowned Huon River system 1 he main township is Cygnet f lrmcrly 
called I ovett at the head of Port C>gnet I he area cmsists essentially of 
a broad belt of flat lying and tilted mudstones dnd shales of lumian age 
intruded by more or less north south belts of Mesozoic dolentc the more 
easterly dolentc masses being the mere extensive (fig 1) Ihe alkali rocks 
extend from Sturges Bay and Brotks Bay on the scuthem shore cf the 



scauot mlu 

Fio 1 —I oral tv map bhow ng the general ge I gy of tbe Pori Cygnet Jistr ct 
1 Permian k 1 menta 2 Meaozo c doler tc 1 Alkal 1 orphyry and djkea 
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Hucm Estuary, north-eastwards to Oyster Cove on the shore of D'Entre¬ 
casteaux Channel their continuity being interrupted by the belts of dolente 
that lie east of Mt Cygnet and the Devils Royals 

lhe alkali rocks outcrop chiefly m the form of a partly unroofed 
stock of syenite porphyry, which is intrusive into both the Permian 
sediments and the Mesozoic dolerite As is shown in Fig 2, it occupies the 
greater part of the squarish peninsula to the south west of Cygnet township 
between the drowned valleys forming the Huon Estuary and the Port 
Cygnet tstuary and extinds to Toby s Hill and Nicholl s Hill to the 
northeast and east cf the t unship respectively The nrcguhi shipes of 
the outcrops and their discordant contacts suggest that the roof of the stock 
consists of a tries c f small steep sidtd cupolas 

Associated with the stock arc numerous dykes of syenite porphyiy of 
varying compositu n Ihtsc intrude b< th the stock the sedimentary rocks 
marginal to it and the dolcntes Similar dykes outciop on the southern 
bhore of the Iluon Estuary at Sturgcs Bay and Brooks Bay and to the 
north east of Cygnet (n the eastern side of the belts of dolente a number 
of identical syenite porphyry dykes and small sills occur in the vicinity of 
Woodbndge and Kettering and along the short of D 1 nlrecastcaux C hannel 
from Little Oyster Cove to Peppermint Ba> 

The alkali rocks have induced only slight contact alteration ot thr 
Permian sediments and the dolerites I he sediments aie frequently sihcified 
or indurated feu a ftw feet from the margins of the larger intrusions and 
the dolerite shows slight urahtization Only at Regatta Point has dolente 
1 een found which has been intensely altered by the porphyries At this 
locality a d>kc like body of dolente was invaded by a potash rich magma 
presumably a dilTerentute from the syenite porphvry stock and reaction 
lietwccn the pistash rich magma and the dolente has given use tc a variety 
ol unusual hybrid rocks 


The Alkali Rook a 

The Sypmtf PoRimay (R\natitf) Intrusion 

The prevailing rock type in the Port Cygnet district is a relatively 
fine grained syenite porphyry When fresh it is light grey to huff coloured 
and consists of closely crowded squarish phenocrysts of plagioclase about 
1 to 2 mm long with more sparsely distributed larger white to pinkish 
phenocrysts of orthoclase about 5 mm across and numerous phenocrysts 
of hornblende ranging from 0 5 to 3 0 mm in length and general!) 
smaller than the felspars set m a felspathic ground mass 

The plagioclase phenocrysts usually appear idiomorphic in thin section 
and arc zoned Some crystals show oscillatory zoning The zoning is 
accompanied by both lamellar and Carlslwd twinning The plagiodase is 
optically positive and has a maximum extinction angle in the symmetrical 
zone at right ringles to (010) of about 25° in the cores of th*. zoned crystals 
and about 20° in the marginal zones Geavage flakes show a refractive 
mdtx of 1 550 in one direction and a somewhat higher index in the 
direction at right angles These optical properties indicate that the 
plagioclase is andesine about Ab en in tnc cores of the crystals and Ab„ at 
the margins 

The orthoclase occurs as fewer but much larger idiomorphic crystals! 
which frequently include several smill idiomorphic crystals of plagioclase 
together with small crystals of hornblende or pyroxene Only one or two 
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buch orthocl&se crystals are present per square inch of thin sections The 
included plagioclase crystals are smaller than the plagioclase crystals 
occurring free in the ground mass suggesting that the orthoclasc and 
plagioclase crystallized simultaneously Moreover there is an occasional 
parallel intergrowth of orthoclase and plagi clasc Much of the orthoclase 
is untwinned but some crystals show simple twinning borne crystals are 
cloudy owing to slight kaolinization and there is a tendency for the 
kaolmization to develop zonally which suggests that the crystals show a 
zonal change in composition from core to margin like the plagioclase 
Cleavage fragments show refractive indices ranging from a little below to 
a little above 1 525 and the crystals are optically negative with 2V about 
15° so that the felspar is perhaps best described as a variety of sanidine 
\ partial analysis of a composite hand picked sample reveals that it has a 
compositi n approaching Or, a Ab jr An ai (Table 3) Hie proportions of 
NaAlb^Ot, and CaAl,Si a O s nidi aUd are probably high owing to 
unavoidable contamination of tlu s da sinidine with snnll inclusi ms of 
plagioclase (andesine) Unusual tlnugh this ctmpisilion it appears furn 
Allings (1921 I lg 19) diagnm lo k \ p s iblt i nip siu n xor a high 
temperature felspar Mackinen s diagrams as reproduced by Ailing (1936 
p 72) suggest that felspars of the sanidine harbicrite series (delta 
anorthoclase senes of Ailing) can carr> inoic (. i\l a SijO fl in % lid s lution 
than other alkali felspars and that at temperatures f about 1000°C 
felspar of a composition Or„Ab 46 An M could crystallize simultaneously 
with a plagioclase of composition about Or 10 Ab 40 i c a p tash rich 
andesine 

Accompanying the felspars in each section there arc a few rounded and 
embayed phene crysts of quartz about 0 5 to 1 0 mm across 

lhe proportion of ferroniagnesian minerals varies frem specimen to 
specimen They include both hornblende and pyroxene which occur as 
prismatic phenocrysts about 0 5 mm long with occasional prisms up to 
j 0 mm long Hornblende is invariably present hut pyrcxcnc occuis only 
in occasional specimens The pyroxene was the earlier of the two to form 
since some phenocrysts consist of a core of pyroxene with a margin of 
hornblende The pyioxene is green to colourless and nun pleochroic It 
has an extinction angle of about 45° on the prism face and has a 2V 
greater than 45° so that it is an augite It is probably similar in composition 
to the analysed pyroxene whose composition is given in Table 6 Analysis 
No 1 Jhe analysed pyroxene was concentrated from a s>cnitic dyke 
(sanidine porphyry) at the mouth of Deep Bay on the eastern side of the 
Port Cygnet Lstuaiy lhe hornblende is pleochroic from brown to 
yellow green and can lie presumed to nave a c imposition close to that of 
the hornblende analysis shown in lable 6 Analysis No 4 lhe analysed 
hornblende was taken from a dyke rock at I iltle Oyster Cove pi actually 
identical in appearance with tht porphyries under discussion 

Other minerals present in the porphyries are magnetite sphene and 
apatite which occur as crystals up to 0 3 mm long The ground mass 
consists essentially of orthoclase in small squarish crystals about 0 02 mm 
across so that it has an orthophync texture At little interstitial quartz 
accompanies the orthoclase 

In thin sections the porphyries closely resemble a dacite or 
toscamte Their syenitic affinities arc more apparent from hand specimens 
and from their chemical composition Two chemical analyses were made 
one of a specimen from the saddle between I ymington and Wattle 
Grove near the centre of the Pott Cygnet Peninsula (54), and 
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ne from the cliff outuop at Pctcheys Bay, near the south west comer of 
the peninsula (72) Inc first specimen contains both pyroxene and 
hornblende the second contains only hornblende and the hornblende is 
partly replaced by tagged areas of calcite and a little epidote These 
analyses are set out in I able 1 Analyses Nos 1 and 2 together with 
analyses showing the average composition of akerite and quartz-monzonite, 
the two rock types that most dosely resemble the syenite porphyries m 
cliemic il composition The resemblance is closer to the akerite than to the 
quaitz monzi nite hut in addition to the textural difference the porphyries 
differ mineral* gically fr im akerite in that hornblende rather than pyroxene 
is the dominant ferrumagnesian mineral in them It is possible that the 
l rphyry is chilled capping or bordei phase that passes into akerite m 
depth since akerite has Ictn reported to (ecur netr Lymington and at 
Regatta Toint (IwcKctices 1907 p 9) but Uk much significance should 
not lx attidled to these reports 

The Lymington occurrence is described by Skcats (1917 p 157) as 
a dyke like liody of ikinte oc luring at a point 11 miles up the Horester 
Rivulet on the luck n id from lymington to Mt Mary This area 
is now undir cultivation md the ikuitc liody was not located during 
the i resent mvcstigati m Iwo thin sections labelled as from this 
locality ( Hick Road ) are included however among those loaned from 
the (rtology Dcpirtnicnt University of Sydney One of these (S 10001) 
appears to be i true akentt Jt lunsists nf large phenocrysts of sanidine up 
to 1 cm ling in i i nrsi gruind mass of clear plagioclase cloudy orthoclasc 
greenish pyri sene and intcistitiil quntz Othti minerals present are sphuie 
apatite and magnetite The individual felspar crystals of the ground mas*, 
tend to be nhomorphic and are from 0 5 to 1 0 mm long The plagioclase 
which predomin ites is stumgly zoned the cores consisting of lusie andesme 
while the margins consist of oligochse The orthodase associated with it 
contains a little e\ st lotion nuu ipcrthite In the hand specimen this rock 
does not appeal notably different from tin typical sytmte porphyiy and m 
thin section it suggests i porphyry from whnh the fine ground mass has 
been excluded leaving only the phenotrysts crowded together It closely 
resembles some of the minor dyke rocks dcscrilitd lielow as syenite aplites 
at Kegitta Point md dsew' 

The second section (S 10004) is a medium grained liolo crystalline 
syenite, consisting essentially of orthodase showing ahoundant ex solution 
microperthite and aegirine augite with a little interstitial quartz and some 
biotite apatite and sphenc 1 he orthodase grains tend to be about 0 5 mm 
across but m patches are considerably small* r Ihc aegirine augite crystals 
enclose curts of colourless lugitt and are generally prismatic in form Thi* 
rick also has its counterparts among the syenite aplites of Regatta Point 

Akente is also iccorded to occur at Regatta Point (Twelvetrecs 1907) 
No such outcrop was observed during this investigation hut two sections 
labelled akerite from this locality in the collection of the University of 
Sydney (S 10002 and 10003) closely resemble some of the syenite aphte 
dykes that occur in the zone of hybrid rocks at Regatta Point No 10002 
consists essentially of squarish crystals of plagioclase from 1 0 to 2 0 mm 
across sometimes duudy at the centre and orthodase with lesser amounts 
of quartz augite hornblende irugnetite and apatite The orthodase is 
chiefly interstitial to the plagioclase or forms rims around the plagioclase 
crystals which are strongly zened The central zones of the plagioclase 
crystal consist of basic andesme and the marginal zones are ohgocase 
Hornblende is much more abundant than the pyroxene which is colourless, 
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and the magnetite crystals are rimmed with granules of sphene No 10003 
is similar, but contains more orthoclase and quartz The orthoclase contains 
ex solution microperthite intergrowths and the plagioclase is restncted to 
inclusions m large orthoclase crystals It is commonly altered to scncitic 
i r to zeolitic material 

1 here is a close chemical resemblance between the syenite porphyry 
and the banatite that forms the uppermost zone of the differentiated 
laccolith of Mt Dromedary near Milton in New South Wales (I A 
Brown 1926) as can be seen from the analyses in Tabic I Holmes (1927) 
definition of a ‘ banatite as an orthoclase bearing quart/ duiite fits 
well with the general mineralogical character of the Cygnet porphyry so 
that it seems better descnl»ed as a form of banatite rather than of ikerite 
Unfortunately lohannsen (1938 p 18-1) recommends thit the term 
banatite* be disused on the grounds that it is vaguily defined and 
obsolescent 

If the resemblance to the Mt Dromedary rock is more than superficial 
then it is possible that the deeper lying rocks in the Cygnet stock may be 
jf monzonitic or even shonkinitic character 

Dyk* Rocks 

Numerous dykes aie expi sul m the cliff sections of the Cygnet 
Peninsula and in particular along both shores of the Port Cygnet Lstuary 
Dykes are also exposed in vanous roid cuttings md ti a lesser extent 
elsewhere and in view of the thick soil cover that prevails over much of 
the area it may Ik assumed that many more dykes occur than aie visible 
The dykes intrude the syenite potphyry stock the Permian sediments and 
the Mesozoic doleritcs and include i variety of rock types The sequence 
of intrusion of the diffeient types of dyke is not altogether clear 

S\) VI lb PokPIlYKY DYKFS 

Dykes of syenite pjrphyiy that arc practically identical in composition 
with the syenite porphyrv of the mam ntrusion are found at interval 0 
iround its margin At Shag Point and Ctpper Alley (hg 2) and along 
the mlind loads leading frem I ymington to Wittle Grove and Petchey s 
Bay thev can Ic seen intruded into Pc. rim in sediments Cl se t > Cygnet 
iett\ one such dvkc can be seen invading the doleritc exposed in the low 
clirfs (38) 

Along the eastern shoie of the Port Cygnet \ stuary syenite porphyry 
dykes from 2 to 40 feet wide occut in profusion in the cliffs from north of 
Crooked Tree Point as far a* the Green Point jetty intruding Permian 
sediments 

Occasional dykes of this type inti uded into Mesizoic dolcnte are 
exposed along tht coast between Wattle Grove and the south western corner 
of the Peninsula along the Huon ] sluary 

A number of dykes and occasional small sills of similar syenite porphyry 
occur in the vicmit) of Woodbridge and Kettering I hey are exposed along 
the shore of the D Fntrecasteaux Channel at Little Oyster Cove Perch Bay 
and Peppermint Bay and in road cuttings They have been descrilied by 
Skeats (1917) who showed that they intrude both the Permian sediments 
and the Mesozoic dolente Hornblende is the only ferromagnesian mineral 
present in these rocks and it occasionally occurs as clots several centimetres 
across An anal)sis of the h ini lendc in ne ot the dykes in I lltlc Oyster 
Cove is shown in Table 6, Analysis No 4 
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Hauyne-Sanidine-Gasnet-Porphyby Dykes 

This striking rock, known locally as ‘ magpie rock/' occurs m a senes 
of dykes and plugs extending northwards from Tobys Hill north and 
north-east of Cygnet township (fig 2) The Livingstone gold mine was 
situated on the contact of one such dyke on the north west flank of 
Livingstone Hill which is a spur of Tobys Hill The rock consists of 
numerous white to glassy tablets of samdine up to 20 0 mm long by 
1 0 mm thick together with crystals of black garnet 1 to 2 0 mm 
across, and less numerous black prisms of hornblende or pyroxene, up to 
3 mm by 1 mm set in a grey felspathic ground mass The samdine 
phenocrysts generally show parallel alignment with the strike of the dyke 
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Thin sections show that in addition to the samdine phcnocry&ts there 
are smaller phenocrysts of zoned plagioclase with almost straight extinction 
indicating that it is oligodase about Ab M and numerous microphenocrysts 
of more or less altered hauyne up to 0 3 in width but generally smaller 
The hauyne occurs as inclusions in the sanidine phenocrysts and free in the 
ground mass It is identified by its lsctrcpit chaioctei its ct nsistent 
hexagonal form and its refractive index which is below that of sanuhne 
It is commonly altered completely to a fibrous zeolite substance presumably 
natrohte More tarely it nas altered to analcite or his been preserved 
unaltered In some sections the hauyne cnstals ire fl chcd with specks < f 
bluish black dust Some of the hauyne crystals are altered t> a mnacei us 
aggregate Rosenbusch suggested that these crystals represented altered 
nepheline but their invariable hexagonal outline favours hauyne rather 
than nepheline 

1 be gurnet is a 1 rown melinite as i> prove l by a chemical analysis of 
a small ample extracted frt m nc specimen ( I able 6 Analy is N j b'l 
It occurs as stiongly zoned uhomorphic cryst ils ah ut 0 5 mm across 
frequently forming clusters (Plate IV fig 1) and sometimes intcrgrown 
with hornblende or pyroxene 

The hornblende occurs commonly in small prisms which are pleochrmc 
from deep brown to deep green An analysis of a small purified sample 
indicates that it is an iron rich variety of hornblende with a low magnesia 
content (Table 6 Analysis No 5) and relatively rich in potash and soda 
In these nspects it is comparable with the hornblendes f und in 
alkali syenites and i elated rocks 

Ihe pyroxene in some sections is aeginne strongly pleochrc ic from 
green to yellow and with a small extinction angle In other specimens it 
is aeginne augite often with a core cf colourless augite in every nspect 
similar to the pyroxene found in the syenite porphyr) 

In addition there are occasional coarse cryst ils of sphene and apatitt 
though these minerals are n t as abundant as in other rocks of the district 

The i,r und mass has i pi t ixitic l t ichjt l tcxtuic an 1 consists 
essentially of crthxlasc miinlites with hnt shreds f hornblende nimut 
flakes of yellc w brown In itite granules of brown garnet and granules of 
magnetite Some of the minute hornblende shreds snow a blue pleuchroism 
suggestive of nebeckite 

V chemnil analysis of a typical rock (110) is shiwn in lible 2 
Analysis No 2 rhe analjsis with its high contents of potash soda and 
lime and its under saturated character with respect to silica emphasizes 
the unusual character of the rock 

On the western shore c f the Port Cygnet Estuary immediately south of 
the jetty at the northern headland of Copper Alley (fig 2) there occur 
two dykes about 10 feet wide identical in appearance with this rock One 
or other of these dykes appears to be the source of the rock described by 
Rosenbusch as a finegrained elaeolite syenite (Iwelvetrees 1901 p 2 
1902 p 296) The d>he rock from south of the Regatta Ground 
descnl>ed by Rosenbusch is a garnet derous mica solvsbergitc (Twelve 
trees 1901 p 3) and analysed by Paul (1906) (Table 2 Analysis A) 
was prolubly from this locality It is also probable that one of these dyke» 
is the garnet trachvte analysed by McLeod and White (1899) The 
analysis is quoted in Table 2 Analysis B 

A closely similar rock is exposed in a quarry just north of the loal 
leading off from Regatta Point across the peninsula to Wattle Grove (81) 
Exposures are poor hut the rock is apparently a dyke intruding the 
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sjcmte porphyry, or else it is a deeper lying portion of the main intrusion 
The samdinc phenocrysts are light-grey and approach more closeiy the 
colour of the ground mass than those of the dyke rocks just described 
They hek pronounced parallel alignment and the ground mass is somewhat 
LOtrstr grained with an orthophyric texture In addition, the rock contains 
more hornblende and less gainet ihe hornblende frequently encloses 
remnants of pyroxene and ocusional grams have a core of colourless 
tugiie ihe garnet is fintr grained than in the Tobys Hill dykes and does 
now show such well developed zoning It is generally intergrown with the 
hoi nblendc sometimes in glomeroporphyntic clots Magnetite and occasional 
crystals of splicne are generally associated with the garnet hornblende 
dots and the association of these minerals is such as to suggest that all 
four are products of the breakdown of augite Occasional coarse crystals 
< f sphene and apatite are also distributed through the ground mass Some 
hornblende occurs in the ground mass Where it is patchily distributed in 
small granules and prisms and granules of magnetite are uniformly 
distributed through the ground mass 

Hauyne microphcnocrysts are present more abundantly than in the 
Tobys Hill rocks lht hduync is genu ally altered to a oolitic substance 
whether included in the samdine phenocrysts or free in the ground mass 
(Plate IV fig 2) The small plagioclase phenocrysts are corroded and 
aimoured with a rim of orthoclase 

A chemical analysis of this rock Table 2 Analysis No 1 shows that 
it is a little more acid and contains rather less soda than the analysed 
rock from Toby s Hill but is otherwise similar 

Dykes that closely resemble this rock except that they ajjparently 
contain no hauyne have been found at Petchey s Bay and at One free 
Point 

SANlDINK GaRNLI PoRFHYRY Dv K1 S 

Closely related to the magpie rocks are dykes of a still cuirser 
sanultne garnet porphyry known locally os biscuit rock in which the 
abundant samdine phenocrysts commonly measure 3 0 cm x 2 0 cm x 0 5 
cm These large phenocrysts which are white to buff coloured are set 
in a grey felspathic matrix that is spotted with black phenocrysts of garnet 
about 1 to 2 mm acmsa Dykes of this rock have been found intruding 
the syenite porphyry stock near the centre of the C ygnet Peninsula (66) 
and at Toby s Hill and Nicholl s Hill Similar dykes are exposed in 
cuttings thtmigh Ptrmun sediments al ng the I ymington to Wattle Grove 
road at points 1 mile and 2 miles from I ymington (hg 2) 

The exposed rock at all these localities is somewhat weathered so that 
it is not possible to establish the presence of hauyne in the lock with 
certainty lhin sections show the presence of a number of more or less 
hexagonal areas now completely altered to micaceous substances These 
areas occur both in the trachytic ground mass and as inclusions in the 
samdine phenocrysts and they closely resemble in form and disposition the 
hauyne (rystals of the magpie rock Some of the micaceous patches in 
the ground mass may represent altered ferromagnesian minerals since 
fi rromagnesian minerals other than the melamte garnet appear to be absent 
from the * biscuit rock' fhe chief point of difference from the magpie 
rock however is the smaller proportion of plagioclase present Moreover 
partial analyses of the coarse samdine phenocrysts of the two rocks indicate 
that the samdine in the 1 biscuit rock is richer in potash than the sanidme 
in the * magpie rock" (Table 3), and has a composition approximating 
to Or TS Ab ie An« 
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bAh DINE BrOTKE PORPHYRY L>YKE 

Neat the Mt Mary mint occuis a <lyke rock which contains rather 
sparsely distributed megaphenocrysts ot samdine compilable in si?t and 
appearance with thost of the biscuit lock They are s>mewhat 
serialized and are set in a ground mass of plagiochsc laths nul intuseital 
orthoclase studded wilh ragged laths and patches of biotite up t> 1 0 mm 
long and with ldiomorphic crystals of magnetite of al>oiit the same 
dimensions Numerous small flakes of biotite and muscovite occur in the 
interstices of the orthoclase laths The larger Hikes f 1 1 titi ire ften 
composite clusteis of numerous minute flakes so arranged as to piestrve 
the crystal outlines of a pre cxisLing h( rnblendc I he lutitc and magnetite 
appear to be derived from the reaction of the hornblende with the potash tub 
residue that formed the ground mass The plagioclase laths of the ground 
mass show straight extinction so that they are ohgoclase about W** A 
little apatite and sphene are present as accessories but there is no gainet 

Sanidine-Porphyry Dykes (Trachytes) 

N irrow dykes that closely resemble trachytes occur inti udmg the 
metamorphosed dolerite at Regatta Point (1 2) and at the mouth of Deep 
Ba> I he dykes at Regatta Point consist of a number of small simply- 
twinned crystals of sida samdine up to 2 mm long with nnerophenotlysis 
i f augitc showing some alteration to hornblende and an occasional garnet, 
set in a trachytic ground mass of orthoclase laths and uniformly distributed 
minute crystals of garnet prisms ot green hornblende, and granules of 
magnetite The samdine crystals all contain abundant microperthitc and 
ir seems probable from their situation in the zone of thermal metamorphism, 
that the unmixmg of the micropcithitc resul ed fn in the reheating of the 
metastable soda samdine solid solution A further indication that these 
dykes probably predate the metamorphism and hybridization ui the dolerite 
l provided by a specimen (12) from the zone of hybridization whose 
outcrop was largely hidden by sand but which appears in thin section to 
be a somewhat altered and recryslalliztd trachytic dyke 

Sanidinf Tincuaite Dykfs 

Immediately north ot the jetty at the northern headland of Coppei 
Alley two coarsely porphyntic dykes outcrop on the beich They consist 
of large white to buff phenocrysls of samdine set in a dense green ground 
mass I he dykes are each about 1 feet wide and lnv< narrow chilled 
marginc against the Penman sediments which they intrude and which are 
indurated at the contacts Ihc samdine phenocrysls tend to he aligned 
parallel to the long axes of tht dykes l hey measure about 2 0 cm \ 1 0 
cm x 0 1 cm and are somewhat clouded The cloudy areas are restricted 
to areas of exsolutun rmcr ipcithitc th it are mmmonly developed m th 
central parts of the crystals Such microperthitc is absent from the 
marginal parts of the crystals which are clear and the perthitic tore is 
often differentiated from the clear margin by a distinct zonal structure 
The nncroperthite shows lamellar twinning with a symmetrical extinction 
angle of about 5° and it has refractive indices which straddle that of the 
inclosing samdine so that it consists of albite ohgoclase about Ah M It lies 
in the cleavage direction of the samdine elongated parallel to the prism 
faces The samdine crystals also contain small inclusions of apatite arid 
reedles of aeginne and occasionally microphenocrysts of aeginne and 
melanite garnet The aeginne crystals are generally zoned and some have 
a core of colourless augitr Some contain small inclusions of garnet The 
extreme margins of the samdine crystals are often impregnated to a depth of 
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about 0 1 mm , with minute needles of aeginnc all lying with their long axes 
more or less parallel to the crystal boundary A partial analysis of the 
sanidine from the more southerly dyke (93) shows that like the coarse 
■inidine crystals in the other dyke rocks it has a considerable soda content 
(fable 3) Ihe calculated composition of the sanidine is Or iT Ab w An u 

Accompanying the sanidine phcnocrysts are muLh smaller micro- 
phenocrysts of orthoclase and aegmne lhe aeginne which tends to occur 
in clots is often altered to a seu ndary white mica 

lhe ground mass has a tinguaitic texture Jt consists of a felted mass 
of aegirme needles about 0 1 mm x 0 01 mm mtergrown with micro¬ 
crystalline orthoclase and a little ohgoclasc lhe felspars tend to be 
lath shaped, and in places show fliw structure borne liephcline may occur 
in the ground mass hut it has rnt been identified with certainty although 
Rosenhusch ilaims to hive directed it ( I welvttrees 1901 p 3) Dispersed 
through the ground mass arc occasional lens shaped ireas which consist of 
relatively coarse laths of oligoclase mtergrown with orthoclase, and equally 
large prisms of aigmnc In some of these areas there are grains of 
amlalusite strongly pleochroic from rose pink to colouiless In addition, 
there are occasional crystals of apatite and sphenc 

lo the north of these two dykes is a third gicui djkc which lacks the 
coaise sanidine phenocrysts V thin section reveals an occasional phcnocryst 
of sanidine and of aegirme with a core of colourless augite, in a micro 
crystalline ground mis* of icgmnt needle-, and orthcclase laths showing 
pronounced paiallel orientation Distnhutcd thrrugh the gtound mass are 
numerous small areas of a colourless mineral with low birefringence which 
would appear to be nephcline except that it appears biaxial and optically 
positive 

A further tinguaite dyke (9o) r uteri »■> on the hillside above the 
Mt Mary mine this rock is identical with those just described except 
that it contains fewer coarse phenocrysts of sanidine and that in the coarser 
patches of the ground mass the place i f andalusitt is taken b\ a colourless 
mineral that resembles sc ipolite It has a higher refractive index than the 
plates of felspar with which it is mtergrown is uniaxial and negative with 
straight extinction parallel to the prismatic cleavage and has a moderately 
Inch birefringence Crystals showing an optical hgure have low polarization 
colours and are commonly crowded with inclusions in their central parts 
It may be noted that Daly (1933 p S2 7) records the occurrence of primary 
scapohte in nephehnt syenite from the Hastings Hahhurton district of 
Ontario ind Kmpl t (1906 p 286) has re tended it in the ground mass of a 
leucitc Raring tinguaite from Spotted I awn Creek in the Yukon 

Iwelvctrces (1898) originally icfened to these coarsely porphyntic 
locks as acgiiint trachytes Koscnbusth suggested that this name should 
be amended to tinguaite pt rphyry or better solvsbergite porphyry (1 welve- 
trces 1901 p 3) 1 hey have al o been called tinguaite solvsbergite 

jKirphyrv (bkeats 191/) Chemual analyses wue made of the mure 
southerly poiphyntic dyke (93) immediately north of Copper Alley jetty, 
and of the dyke (95) above the Mt Mary mine (Table 2 Analyses Nos 3 
aad 4) The analyses confirm the tinguaite like character of the rocks but 
reveal that they are unusually rich in potash and poor in soda for typical 
tinguaites (Tabic 2 Anal)sis C) J hey are too poor in silica and boda, 
and too rich in lime and potash to be regarded as solvsbergites or their 
equivalents (lahlc 3 Vnalysis Jt) An approximate match is piovided by 
a tinguaite with sanidine phenocrysts from the Bearpaw Mountains of 
Montana (Weed and Pirsson 1896) ( Table 3 Analysis D), but this rock 
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contains definite nepheline and sodalite in the ground-mass, whereas the 
soda in the Port Cygnet rocks occurs chiefly as a constituent of the felspar 
and the aegirine. The term “ sanidine-tinguaite ” has been adopted here 
for the Cygnet rocks as more descriptive than tinguaite-porphyry. 

Syenite-Aplite and Syenite-Pegmatite Dykes. 

Buff-coloured dykes, veins, and schlieren of syemtc-aplite and syenite- 
pegmatite occur at a numliei of points along the beach and cliff section in 
the vicinity of Regatta Point, and occasional dykes of this character outcrop 
in the cliffs near Petchey's Bay, and along the eastern shore of the PorL 
Cygnet Estuary. The dykes are up to 3 feet wide, and in exceptional 
cases 10 feet wide, and can be divided into two groups, those with typical 
aplitic texture, and rho>.r unisMing of coarse plates of wamdine, up to 
“3*0 cm. long, closely packed in a finer felspathic matrix. The former are 
referred to here as syemte-aplites. and the latter as syiinte-pegmatnes. 
Their late origin is proved by the fact that they intrude the whole group 
of hybrid rocks exposed at Kepatta Point. 

The aplites, though apparently uniform in the hand specimen, are 
somewhat variable in composition Some (6a) consist essentially of 
interlocking cquigranular grains of cloudy orthoclase, from 0*5 to DO mm. 
across. Associated with the orthoclase arc occasional giams of oligudase, 
and rather more numerous grams uf quart/ 'Ihc orthoclase crystals 
frequently contain some nucropcrlhitic albitc in their cential paits, though 
not in their margins. The oligodase crystals are generally stnallci and more 
prismatic than the orthoclase crystals The quaiU tends to lie interstitial 
in addition, there is a little brown biotite, a grain or more of magnetite, or 
of an altered ferro-magnesian mineial, and an occasional grain of apatite 
and zircon. One specimen contained a number of small uregular-shaped 
grains of blue corundum, with which was associated a little muscovite. 

In some of the aplites (17), the plagioclase occurs as rather larger 
zoned crystals, and about equals the orthoclase in amount. The cores of 
the zoned crystals are a basic audesme, while the margins consist of 
oligodase. The marginal oligodase is generally cloudy, but the cores of 
andesinc are clear, or are stained yellow along fractures. The small amount 
of quartz in such rocks is interstitial. Coarse crystals of sphenc, up to 
0*3 mm. in length, are dispersed through these rocks, together with 
occasional prisms of aegirine-augilc, or colourless augite, the latter generally 
included in crystals of plagioclase. Some of the aegirine-augite crystals 
have a core of colourless augite. The fcrromagncsian minerals arc in 
places altered to chloritic substances, or to limomtc, and the coarser ferro- 
magnesian crystals are somewhat corroded Rocks of this type (17) arc 
identical with the rocks lalielled “akerite, from Regatta Point”, in the 
collection of the Sydney University Geology Department (S. 10002, 
S.10003); and they bear a general resemblance to the syemte-porphyry. 

The syenite-pegmatites (25, 26, 31) consist of abundant coarse tablets 
of sanidine, set in a ground-mass of coarse orthoclase plates, numerous 
coarse grains of magnetite, and a little green pyroxene, together with a 
small amount of interstitial muscovite and occasional coarse crystals of 
sphene. Much of the felspar is cloudy, and shows slight alteration to 
seriate or muscovite The coarse phenocrysts of sanidine contain patches 
of ex-solution microperthite, consisting of albite showing lamellar twinning, 
but the ground-mass orthoclase is Tree of *uch perthite, and there is 
practically no plagioclase assodated with it, and very little quartz in the 
interstices. Some of the coarse sanidine crystals show isolated broad twin 
lamellae, which is perhaps the result of parallel growth of crystals. One 
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Mich dyke contained a proportion of ferromagnesian minerals, but they 
are so largely altered to indeterminate chloride substances that the original 
minerals cannot be identified 

A chemical analysis of a typicil pegmatite (25) gave the composition 
shown in lable 2 \nalysis No 5 Hit analysis emphasises the fact that 
the rock is essentially felspar and indicates that the sanidine in this rock, 
as in the others contains a relatively high proportion of soda 

(jArnit Ori hoc lash l Dykes 

Occasional dykes of garnet orthoclase rock, alwut 1 ft wide are 
exposed in the beach section at Regatta Point These rocks closely resemble 
the syenite aplite dykes espcciall) when weathered but differ from them 
in that they contain a notable amount of brown melamte garnet They are 
slightly younger than the iplitcs because instances were noted where a. 
garnet urthoclase dyke (28) cut and displaced a syenite aphte dyke 

In the hand specimen they aie fine giaincd buff to pink rocks consisting 
of an occasional phenocr>st of suiulmc in an cqiugramihr ground mass 
ol felspar and dark fcrromignesi in minerals Thin sections (19) show 
that the rock consists of occasional phenocrysts of sanidine microperthite, 
up to 1 0 cm \ 0 5 on m i H i uni nn^ if orthochse microperthite 
melamte garnet and aegirine augite, in which the individual grains are 
about 0 o mm across 1 he pyroxene is gtncnllv prismatic and commonly 
consists of a core of colourless augite suriminded by a rim of deep green 
itginnc 'iiigitc 1 he girntt uid tlu pxroxctic tend to ocmr in clots together, 
m association with coarse crystals of splune The garnet and the aegirme 
augite are in ptacts intimately intergrown ind it seems possible that they are 
products of the rt iction of the nngnu prior to complete crystallization 
with some pre existing mineral, either augite or hornblende Other 
minerals present, in small amounts are brown biotite and apatite 

Some of the garnet orthoclasite dykes (28) carry green hornblende 
as well as aeginne augite, and numerous small grams of magnetite In 
places biotite and garnet intimately associated, form fringes about remnants 
of the hornblende being clearly derived from its reaction with the potash- 
nth residuil nngnn that formed the ground mass 

A chemical analysis of a garnet orthoclasite (19) that earned only 
pyroxene with the garnet, is shown m Table 2 Analysis 6 The rock is 
distinctly richer in lime than the syenite pegmatite, with a little more soda, 
and pi oportionately less potash It is also distinctly richer in phosphorus 
When allowance is made for the grcatei content of ferromagnesians in 
this rock it is seen that the felspar is generally similar to that of the aplites 
and pegmatites 


C. OMIOSITION or THF FBI SPAR PHENOCRYSTS 

Jn all these alkali rocks, with the exception of the tinguaites, 
phenocrysts of plagioclase and sanidine are found side by side and from 
their association appear to have crystallized simultaneously Partial 
analysts were made of hand picked simples of the sanidim phenocrysts in 
several of the rock types, and these together with the calculated composition* 
of the phenocrysts are set out m Table 3 The samdines in the tinguaites 
and in the hauyne-sanidme-gamet porphyry dykes are closely similar in 
composition, and are distinctly richer in potash than the sanidine phenocrysts 
in the syemte-poryhyry intrusion and presumably in the corresponding 
s>cnite-porphyrv dvkes Ihe feNpars in the syenite-pegmatite appear tc 
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be still more potassic assuming that the potash and soda in the rock analysis 
[ Table 2 Analysis No 5) reflects the composition of the felspar while 
the sanidme phenocrysts in the biscuit rocks (samdinc garnet porphyries) 
are still more potassic The age reUti nships of the dyke locks to one inothei 
is not cleai lul the general impressicn is gained tint there his bten a more 
or less progressive increase in the KAlSi^! content of the sanidme as 
differentiation has progressed Ihis impression is strengthened by the 

common development of nucrc perthite in the coit of the sanidme crysuls 

and its absence from the marginal zones of such crystals Ailing s 
(1936 p 72) diagrams indicate tint with slow cooling unnnxmg f sc lid 
solutions of albite and orthoclase (barbientc and sinidint) tikes phee 
to an increasing degree It may bt assumed therefore th it the cores of 
the sanidme crystals containing mien perthite crWalh/cd it highu 
temperatures and were mm soda rich than the marginal /ones tf the 

crystals and that on cooling to the temperature it which the marginal 

/ones crystallized the soda ruh coies unmixed Ihe marginal zones though 
solid solutions were poorer in soda and so more stable I here is therefore 
good evidence of pronounced fractional crystallization m the development 
of the felspars 

Parallel with the enrichment of the sanidme in KMSiO* thcic was 
a progressive enrichment of the associated phgiodast phtn eiysts in 
NaAlSi 0 8 which is revealed by the changing extimticn angles of these 
crystals lac th within individual zoned crystals and from rock tc reck The 
simultaneous changes in composition of the two scries of felspars is indicated 
diagranmutically in fig 3 in which the KAlSi^O, (ontent of the plagiochst 
is assumed from Vlling s data The limits ot the immiscibility gap between 
Or and An and lietween Or and Ab are taken from his three dimensicnal 
diagram for the system Or Ab An (Ailing 1936) 
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Origin of the Garnet. 

The garnet in potash-rich dyke rocks is a typical melanite (Table 6, 
Analysis No. 8) such as characterises some varieties of highly alkalic rock. 
It is a primary reaction mineral, and appears to have originated from a 
leaction of earlier formed augite or hornblende with the residual potassic 
magma that forms the ground-mass of the rocks. The ferrnmagnesian 
minerals, whether augite or hornblende, appear to have persisted in existence 
until a relatively low temperature, so that when they became unstable and 
reacted with the potassic magma, the lime in them was unable to crystallize 
as plagioclase. Some proportion of it was accommodated in the sodic 
plagioclasc crystallizing at the time the ferromagnesians became unstable, 
and some was accommodated m the sanidine. but the amount of lime that 
could be accommodated in these minerals was limited by the temperature 
of the magma, and was decreasing with further fall in temperature. The 
magma, however, was saturated with respect to alumina, so that the lime- 
garnet molecule became a substitute for the higher temperature lime- 
plaginclasc molecule, and portion of the iron from the ferromagnesian 
minerals was also included in the garnet. The magnesia from the 
ferromagnesian mineral tended to combine with the potash of the magma 
to form biotitc 

This process, of the reaction of ferromagnesian minerah with potash- 
rich fluid, after becoming unstahle at a relatively low temperature, with 
the subsequent formation of melanite garnet and biotite, can he followed 
in detail in the hybrid rocks next to be described. In these rocks the 
process is seen in exaggerated form, because the hybridization involves 
the incorporation of a considerable proportion of ferromagnesian minerals 
directly into a potash-rich rest-magma. 

McLeod and White fl899) described the occurrence of a garnet of 
most umi«ual composition (Tabic 6, Analysis B) from a “ gamel-tracliyte " 
dyke south of Regatta Foint, and proposed the name “ johnstonotitc ” for 
it. The locality of this dyke was not given with exactitude, but it appears 
to have been one of the hauync-sanidine-gamet-porphyry dykes immediately 
south of the jetty on the northern headland of Copper Alley The uniform 
appearance of the garnet in this rock and in all the rocks examined raises 
doubt as to whether the sample of garnet analysed by McLeod and White 
was pure Its high manganese content contrasts strongly with the low 
manganese content of atl the analysed rocks other than this dyke (Table 2, 
Analysis B) 

Hornblende. 

The analyses of the hornblende from the syenite-porphyry dyke at 
Little Oyster Cove, and from the presumably younger hauyne-sanidine- 
garnet-porphyry dyke on Toby’s Hill, (Table 6. Analyses Nos. 4 and 5) 
suggests that there was a tendency for the iron and lime contents of the 
ferromagnesian minerals to increase relative to the magnesium content as 
differentiation progressed 

The Hybrid Rooks of Regatta Point 

A belt of hybrid rocks, formed from the reaction of a potash-rich 
syenitic magma with a body of earlier intruded dolerite, is exposed in the 
beach and cliff section, extending southwards from the Cygnet jetty for 
at>out 800 yd., past Regatta Foint (fig. 4). The least altered dolerite is 
at 1 the northern end of the section, close to the jetty. The shape of the 
dolerite body is not clear from the exposures, but it appears to have been 
a moderately large dyke, trending oblique to the cliff line. 
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The rock exposures can be divided into four sections of unequal length, 
which can be distinguished in the field, and correspond to the appearance 
or disappearance of various minerals that mark stages in the process of 
hybridization. The first section, which extends for alioiit 200 yards south 
from the jetty, nearly to Regatta Point, consists of dolerite that has been 
altered chiefly by contact metamorphism, with a more or less complete 
transformation of the pyroxene of the dolerite to hornblende and magnetite. 
A little potash and silica apjjear to have lieen introduced during the 
metamorphism, but the change in chemical composition of the rock as a 
whole throughout this section is slight, and the rock still preserves its 
doleritic texture, and its dark colour. At the northern end of the section, 
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the d< lente is traversed by a dyke c f svtnitc porphyry and two samdiue 
porphyry (trachyte) dykes lhe*c dykes were intruded lief ore the 
iiybridi7ation because they appear to have suffered thermal metamorphism 
At the southern end of the section there are aKo several narrow dykes of 
syenite aplite and syenite pegmatite inti tiding the dolentc 

J he second section is cnly alwut 50 yards long and is marked by the 
breakdown of the phgu clase of the dolcrite which results in the 
dis ippearance of the dolentic texture from the reck This was accompanied 
by a transfi rmation of the see ndary hornblende to colourless mgite and 
1 y the introduction of potash an 1 perhaps silica in increasing amounts 
The rod though dark has a gt uiular speckled appearance m hand 
specimen 

The thud section which extends round from the fact of Regatta 
>oint to the head of the cmlayment on its southern side a distance of 
about 200 yards consists of true hybrid rocks rich in both lime and potash 
]n these rocks the augite foinicl in the stage of reaction equivalent t> 
that of the narrow transition zone has reacted more or less ct mplcttiy 
with the potash iich magma tc f nn lime ir n girnct (mchnite) and 
butite while any titania has l>cen precipitated as coarse crystals of sphene 
The greatest variation in re ck types is f( und m this section The rocks 
tan Ic divided into three ups (1) these as rich or richer in lime 
than the dolente (2) those pcorcr m lime thin the dolcrite and grading 
into syenite and (3) dike rocks consisting cf syenite aplite syenite 
pegmatite and occasionally garnet orthoclasite which are younger than 
the hybrid i cks Ihe vinous types of hvbud r ck show n^ regular 
distribution 1 ut occur in irregular pilches and schheren and show rapid 
transition from one to another 

At the southern end of this section the hybnd rocks grade mto a 
fourth 9ecticn consisting of a contaminated syemlic rock which is cut 
by numerous narrow dykes of syenite aplite and syenite pegmatite with 
in occasional dyke of garnet orthoclasite This rock differs but little from 
the potash rich lime poor rocks of the hybrid zone and is net described 
separately 


Thl Dolerite 

Where least affected by the syenitic magma the dolente (36) consists 
essentially of basic plagioclase (labradorite about Ab 4i ) and pyroxene 
with a small amount of granophyncally intergrown quartz and alkali 
tel spar probably orthoclase m view of the relatively high potash content 
of the rock (lable 4 Analysis No 1) in the interstices of the plagioclase 
hths Two pyroxenes are present generally closely associated or inter 
grown and as is characteristic of the Mesozoic clolerites in Tasmania 
(Ld wards 1942) one is an augite with 2V greater than 45 degrees while 
the otlitr is a nearly uniaxial pigejnite Both occur as crystals up to 
2 0 mm x 0 5 mm and show prominent sahhte striatic ns m a direction 
making an angle of 10 degrees with the prismatic cleavage In some sections 
they tend to ophitic relationship with the plagioclase which occurs as 
stumpy unonented laths generally about 0 25 mm x 0 05 mm with 
occasional ciaiscr platy crystals 

The margins of the pyroxene grains are frequently choked with 
magnetite dust and generally show some alteration to green hornblende 
In some specimens (36) this alteration is relatively slight (Plate IV 
fig 5) in others (la) the zone of hornblende is as wide a3 the core of 
unaltered pyroxene but the chemical composition of the rocks shows little 
difference (Table 4 Analyses Nos 1 and 2) The hornblende in the rock 
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19 derived solely from the breakdown of the pyroxenes under the conditions 
of contact metamorphism It is pleochroic with X — pale yellow Y — 
yellowish green, Z ■— deep green 

1 he original magnetite of the dolente occurs as sparse grains up to 
0 25 mm x 0 25 mm It is generally surrounded by a reaction mn of 
minute flakes of hiotite which tend to grow columnar fashion normal to 
the surface of the magnetite gram Hie biotite is pleochrou. from straw 
yellow to deep brown Such secondary biutite is developed only from 
the original coarse magnetite and does not occur with the magnetite dust 
in the margins of the pyroxene Such biotite fringes around magnetite 
grains are not normal to the dolerite and appeal to be a product if reactions 
induced by the contact nietamurphism 

Qiuit/ < ciuis in sm ill am uni*- 1 ui even s> is protiu in unitMiil 
amounts for typical dolente and it seems possible that some of it has 
been introduced from the syemtic magma tt gether with the orthoclase 
that forms jmcrogrinopli) nc intergn wths with it 

Chemical anal>ses of the little altered dolente (36) (Iable 4 Amlysis 
Nn 1) and of its composite pyroxene (Iable 6 Analysis No show tint 
the rock is a consulei ably differentiated ph isc of the Mesoroic dolentes 
that are so widespread in this md othet parts of Lasniania Ihe analyses 
show that it differs fum dcseiibed vanations of the dolentes in that it 
contains almost twice as much MgO and sevtial per cent less A1 (), 
than any previously amlvsed I asn anian dolente cont lining only 9 54 
CaO This indicates that it his m unusually high content of pyroxene 
for the stage of differentiation uirresponding to its laO content and to 
the relatively iron rich character of its pyroxene It has been postulated 
from a study of the large dyke like mass of dolerite of Gunning s Sugailoaf 
in the Midlands district of Tasmania (Edwards 1942 pp 474 604) tint 
such rocks are to be expected at depths unspecified in dyke masses that 
have undergone differentiation after emplacement but the Regatta Point 
dolente may not have originated in this way 

A narrow dyke ot unaltered dolente (40) intruded into the Permian 
sediments on the south side of Copper Alley alxmt a mile south of Regatta 
Point (fig 2) shows a comparable richness in MgO relative to CaO (Tabic 
4 Analysis No 5) This dyke is onlj 2 fett wide so that it could not 
have undergone differentiation to such a degree after its emplacement 
It provides therefore the first recognized instance m lasmima of intrusion 
of dolerite magma either after it had undergone differentiation or eKe 
when it was in process of differentiating 1 he dolente at Regatta Point 
which appears tn be a somewhat larger dyke though not remotely comp irable 
in size with the dvke like mass forming Gunmngs Sugarloaf, also probably 
underwent differentiation prior to its emplacement Under such conditions 
it is possible th t hfkrcntial movement of the already formed crystals and 
of the still fluid portion of the magma (filter press action} may have 
contributed to its unusual composition, and to that of the Copper Alley 
dyke 

From Twehetrccs (1902a) description of the distribution ot the 
various rock types at Regatta Point one would conclude that the 
metamorphosed dolente corresponded to his so called jacupnangite 
Comparison of the analyses of the dolerite with those of jacupirangite 
(Table 4, Analyses A B) show how unlike the two rock types are It 
is apparent however from the descriptions of the rock given by Rosenbusch 
(Twelvctrees 1902a) and by Paul (1906) that the so called * jacupirangite’ 
consisted chiefly of augite nephelme and orthoclase, and as indicated later, 
was a variety of l brid The volume of such basic hybrid rocks must have 
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been very small—limited in fact to a few hand sped mens—for careful 
search failed to reveal any mass of comparable rode. It seems possible 
that Twelvetrees confused the two rocks, and regarded the specimen 
described by Rqsenbusch as representative of the dolerite, because he 
dearly regarded the thermally metamorphosed dolerite as “ essexite ” and 
as an intermediate stage of the differentiation of the syenite into 
jacupirangite. Otherwise, it is remarkable that he made no reference to 
the dolerite as such. 

The Zone of Thermal Metamorphism. 

This zone extends from the Cygnet jetty to about half-way along the 
northern side of Regatta Point (fig 4). Throughout it the plagioclase of 
the dolerite remains practically unaltered, and preserves the doleritic texture 
of the rock The pyroxene and magnetite, however, are more or less 
completely altered to hornblende and biotite, respectively. 

The alteration of the pyroxene crystals begins with the predpitation 
of minute granules of magnetite “ dust ” in the margins of the crystals, 
and the development there of minute prisms and granules of green 
hornblende. As the change progresses, the hornblende spreads to the 
cores of the pyroxene crystals, along cleavages, and along the sahlite 
striations. Simultaneously, the individual hornblende granules grow 
together to form coarser crystals, so that in the intermediate stage of the 
change, a pyroxene crystal ha 1 * been converted more or less completely to 
a group of four or five small crystals of hornblende, generally containing 
numerous inclusions of magnetite. The magnetite granules show a similar 
tendency to grow together into huger grains, but in some crystals they 
begin to alter to minute Hakes of biotite In the final stage of the alteration 
(7a). an original pvroxene crystal is replaced hy a single large crystal of 
hornblende, somewhat ragged at the margin, and often with a narrow 
fringe of minute hornblende prisms that have not been absorbed into the 
main crystal (Plate IV , fig. 6). Such coarse crystals of hornblende usually 
include scattered grains of magnetite, but ultimately they clear themselves 
of such inclusions In some hornblende crystals, the original cloud of 
magnetite " dust ” is converted into a cloud of minute Hakes of biotite. 
These subsequently grow together to form rather coarser crystals of biotite 
that remain intergroun with the hornblende, nr migrate to its margin. 

The biotite flakes rimming the original coarse magnetic crystals undergo 
a similar process of growth into a tew large flakes, though these rarely 
attain the size of the hornhlende crystals Where the original magnetite 
contained titania, presumably as intergrown ilmenite, the titania is 
precipitated as crystals of sphene, some of which are crowded with minute 
flakes of biotite. One instance was observed of a rim of sphene enclosing 
a grain of magnetite. 

In a number of places the coalescence of the early-formed minute 
prisms of hornhlende and flakes of biotite to form coarse crystals has been 
prevented by the introduction into the rock of alkali felsi>ar, apparently 
orthoclase. The orthoclase crystallized in the areas of altering pyroxene, 
as a mosaic of small allotrioblastic grains with highly crenulate margins, 
and as they grew, these grams caught up the small grains of hornblende and 
biotite as inclusions, or else pushed them into the grain boundaries of the 
orthoclase mosaic, so that a cloud of ferromagnesian granules dispersed 
through a mosaic of alkali felspar crystals marks the former presence of 
a large crystal of pyroxene. Such areas of alkali felspar and doudy of 
dispersed granules of hornblende and biotite are generally associated with 
patches of microgranophyre, which represent either original interstitial 
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orthoclase recrystallized with silica set free by the alteration of pyroxene 
to hornblende or else introduced quart* and orthoclase derived from tht 
syemtic magma An analysis of the hornblende (lable 6, Analysis No 6) 
shows that it has much the same silica content as the original pyroxene 
(Tabic 6 Analysis No 3) so that it seems unlikely that the silica was 
derived from the change of pyroxene to hornblende However, if the 
quartr and orthocla.se were introduced, the amount introduced must have 
been small because an analysis of altered dolerite (7a) in which the 
pyroxene is completely altered to coarse hornblende (Table 4 Analysts 
No 43) shows very little difference in these respects from the analyses 
of the least altered rock (Table 4 Analyses Nos 1 2) It is to be noted 
however that these analyses contain slightly more potash than is normally 
found in the Tasmanian dolerites and are relatively nch in SiO, All ot 
these rocks may therefore unUm a small amount of mtioduud potash, 
and prol ably quartz and it is noticeable throughout this 71 ne that the 
alteration of the pyroxene is always more advanced in sections that contain 
an abundance of miciogranophvrc than in stcti ns in wh ell it is rnort o r 
less absent Moreover in some sections the plagioclase crystals have been 
somewhat invaded by patches of rmcrogranophyre or fractures in the 
plagioclasc crystals are filled with orthodasc veinlets thit connect patches 
of granopbyre with one another or with areas of orthoclase cry taK Some 
such veinlets cross several adjacent plagioclasc crystals 

The ferromagncsians in these altered dolentes also show son** evidence 
of mobility In one section tht rock is traversed by a Acinlct 0 10 2 mm 
wide of small colourless pyroxene crystals with *ome associated sphene 
and pynte The pyroxene gives place along the length of the vcmlet to 
fine grained orthoclase and quartz In other sections veinlets of hornblende 
fill fractures and cleavages in plagioclase crystals the veinlets in some 
instances being connected with large crystals of hornblende 

Thest rocks in which the pyroxene is more ir ’ess tnmplculy altered 
to hornblende cc rrespond to the essexite of Iwelvetrees (1907) and 
Paul (1906 pp 280 283)—■' a dark dioritic looking rock helow the Regatta 
Box (containing labradonte and andesine felspar augite hornblende and 
quartz Pauls detailed description leaves no doubt as to the correctness 
of this correlation Comparison of their composition with that of cssexite 
(Table 4 Analysis E) reveals their essential difference from this rock 
despite a resemblance in some respects 

The Transition /oxt 

The relatively narrow transition zone that separates the zi nc of thermal 
alteration from the hybrid rocks proper is characterized by the breakdown 
oi the original ulagiodast with the c nstqtunt d stiuction of the dolentic 
texture of the rocks Thm sections (11) show that the plagioclasc crystals 
become dissected b> a network f narrow veins of alkali felspar which 
slowly widen having isolated remnants of the plagioclasc enclosed in the 
alkali felspar until in the final stage no plagioclase remains at all The 
alka’i felspar in these veins appears to be albite because in one instance it 
showed a refractive index lower than that of tht disintegrating plagioclase, 
but highei tha l that of the cloudy crystals of orthoclase surrounding the 
plagioclase The albite is clear and untwinned 

This breakdown of the plagioclase is accompanied by a transformation 
of the hornblende to granular aggregates of colourless augite (Plate V, 
figs 7 and 8) Assuming that the composition of the augite is similar to 
that of augite of similar appeal ance in the hybrid rocks proper, it contains 
much more lime (lable 6 Analysis No 2) than the hornblende it replaces 
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(Table 6, Analysis No. 6). This lime is derived, presumably, from the 
breakdown of the plagioclase Some evidence that this is so is provided by 
the occurrence of granules of augite in the alhite veinlets between residual 
areas of plagioclase. The iron ore granules in the hornblende are unaffected 
by the change, so that much of the augite is at first filled with inclusions ot 
iron ore (Plate V. ( fig. 8) As the augite grains coalesce, however, they 
clear themselves of such inclusions. Tiaces of primary pyroxene still 
remain in some sections, and grains of coarse magnetite, with rims of coarse 
Liotite flakes, are still present. 

Pyrite, apatite, orthoclase, and perhaps quartz, have been introduced 
into the rock, and occur in small veins. One such vein was observed 
cutting through a clot of small crjui-granular crystals of hornblende, 
preserved from alteration by a fringe of grantjphyre 

Despite the reconstitution that the rock has undergone in this narrow 
transition zone, its bulk composition has changed very little. An analgia 
of a representative specimen (11) (Table 4, Analysis No. 4) shows a slight 
increase in soda and potash over the less altered doleritcs, and some reduction 
in magnesia content, hut is otherwise similar. 

The Zone ok Hybridization. 

The hybrid rocks proper can be divided into two groups (excluding 
the dyke rocks that intersect them) . (1) lcucocratic rocks, poorer in CaO 
than the dolerite, but much richer in K a O, and (2) melanocratic rocks, 
as rich or richer in CaO than the dolerite, and moderately rich m K a O 
This division is artificial, 1»ecause there is a frequent gradation l>etween tht 
two types, which are irregularly distributed throughout the outcrops on 
the beach and in the cliff face, 'fhe grain size of the hybrid rucks is similar 
to that of the doleritcs, but the texture is more granular, and the higher 
proportion of fclspathic constituents makes even the most ljasic of the hybrid 
rocks appear greyer than the metamorphosed dolerite In a numlier of 
Specimens, particularly the more basic locks, the felspars (and fcUpathoids) 
tend to occur as large poecilitic crystals (1-2 mm.) with numerous inclusions 
of the several ferromagnesian minerals In some, the orthoclase tends to 
lie porphyrilic. The " phenocrysts ” may enclose plagioclase residuals, but 
do not enclose ferromagnesian minerals. 

The hybrid rocks all consist essentially of orthoclase and a lime-rich 
pyroxene, which is generally more or less altered to biotite and brown 
inclanite garnet, together with areas of a lime zeolite, probably scolescite, 
notable amounts of magnetite, and coarse itliomorphic crystals of sphene 
and apatite. Some specimens, particularly the lime-rich ones, contain 
residual plagioclase, generally armoured about by broad zones of orthoclase, 
and some contain nephcline. The differences in chemical composition 
shown by these rocks (Table 5) arise largely from differences in the 
relative proportions of ferromagnesian minerals and orthoclase. The 
analyses show that K a O is present in all these rocks in considerably greater 
amounts than in the dolerite, and there can be little doubt that most of this 
potash is introduced from the magma represented by the veins and schlieren 
of syenitc-aplitc and syenite-pegmatite that traverse the rocks, and in places 
appear to grade into them The introduction of the potash appears to 
have rendered the rocks more or less fluid, and has led to local concentrations 
of the ferromagnesian minerals, which locally dominate the felspathic 
constituents Occasionally the pyroxene crystals'have segregated into clots 
2 to 3 tm. in diameter. It is to be noted that the leucocratic rocks (Table 
5, Analyses 1, 2) bear a close chemical resemblance to the hauyne-sanrdine- 
garnet porphyries (Table 2) and related dvke rocks. 
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The pyroxene is a lime rich variety (lable 6 Analysis 2) closely 
resembling the pyroxenes in the alkali porphyries (Table 6 Analysis 1) 
Presumably, addition of lime from the dulcnte to the syenitic magma has 
led simply to an increased crystallization oi lugitc This pyroxene consists 
generally of a colourless core with a ^teen uunginal zone In basal sections 
the green zone is strongly pJeidmir from green to yellow and has a small 
extinction angle so that presumably it consists o£ acgirinc Siuli green 
urns appear to be lacking in the locks ot the transition z nc dcsiiibcd above, 
and appear only in the hybrid rocks prrpcr in which the plagioilase lias 
largely or completely disippeircd \s indie ited the dis ippeat uiee of the 
plagioclase is a process of *■ lution in which the lime soda and alumina 
of the plagioclase become separited The lime leapptars in the hybrid 
links partly as diopsidic pyi >xme (the cc l mlcss u res of the pyroxene 
crystals) and paitly as lime zeolite In seme specimens ilu si da icipptars 
as albilt and in others as nephtlinc but much of it picsumal ly enters 
into the later forming pyroxene to torm inns 11 tegirinc ai un J the coies 
of diopsidic pyroxene The coiiinun pit since of albitic puthitc in the 
samdine crystals of the syenite pegmatite veins suggests that st me i f the 
soda in the hybrid rocks was intioduced along with the pita h and there 
is Jiltlc to indicate what proportions of the soda wcie ikuvel fr>m these 
two possible sources I he alumina appears to have entered the magma 
intensifying its tendency to lee me satuiatcd in this tespect 

In ill but a few sections the pyioxcut has reacted to seme digit i with 
the svemtic migma lhe magnesia md smic ot the iron in the pynxene 
have combined with the introduced potash to form a magnesia rich biotite 
(Table 6 Anilysis 7) while the lime and the remainder of the iron have 
combined to form a brown garnet whise composition is pubablv similir 
to that shown in Table 6 Analysis 8 This reaction has the effect ot 
letuming to the magma about 25% of the SiO, originally incorpoiated in 
the augite lhe biotite is pleochrcic from a brownish or a greenish yellow 
to almost black Some crystals enclose irregular lighter coir urid patches 
which suggest ghosts of pyioxene grains others contain inclusnns of 
apatite and rarely of pyroxene In si me rocks in whuh the alterati hi of 
the pyioxene is advanced the biotite occurs as si attend plates 2 t> 3 mm 
across The analysed biolite was l handpicked simple if tl ese uarsc 
ctystals 

lhe appearance of the garnets vanes somewhat In trnny sections they 
appear fiist as small blebs or granules These tend ti gnw together into 
larger giams that show rudimentary crystal outlines The larger grim* 
contain inclusions of sphene pyroxene biftite and occasionally orthoclasc 
With increasing size the crystals develop znung a hghlei blown core passing 
into a darkci or clove brown nurgm 

The progress of this reaction of the pyroxene with the potassic magma 
to form garnet and biotite varus even witnm a single thin section Tn some 
Sections almost even gram of pyroxene i« umtiled with i fine grained 
intergrowth of garnet tnd but tt (Plate V fig 9) in others the pyioxene 
ciystals are more oi less cimplctcly altered to an intergrown garnet md 
biotite (Plate V figs 10 11) In ollieis some grains of pyroxen hue 
reacted while adjacent crystals appear unaffected in a number of sections 
the reaction is much more pionounced where the pyroxene crystals are 
in contact with orthoclasc giains than where they are embedded in patches 
oi zeolite but this is not invariably so In the coarser grained rocks the 
biotite and garnet tend to separate and form relatively large individual 
ctystals (Plate V fig 12) but in the finer grained rocks they ire often 
intimately mtergrown In some sections the amount of garnet and biotite 
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exceeds that of pyroxene but generally the relative proportions of the 
three minerals vary greatly from place to place in a single section Only 
occasionally has the pyroxene been completely replaced or nearly so but 
this is the case in some of the more potash rich rocks 

The pyroxene is characteristically associated with a zeolitic mineral 
that occurs as irregular areas and narrow \eins up to 1 0 mm wide The 
zeolite consists of fibrous rosettes which when they are well grown and 
are not weathered are anisotropic with low polarization colours (Plate IV 
lig 3) frequently however they show only vague amsotropism and many 
patches which are cloudy in ordinary light appear isotropic so that there 
may lie more than one variety of zeolite present The anisotropic mineral 
scraped from i vemltt has a refriuivt in lex 1 etween 1 SIS and 1 520 
and gives a strong positive microchcmical test for talcfum The zeolites with 
a refractive index of this rrder are the lime soda zeolite thompsonite and 
the lime zeolites sc lescite and hunnntite The 1 w birefringence best fits 
scolescite Previous investigators have regarded this mineral as natrohte 
pseudo morphous after nephehne It is to lie noted however that the 
zeolite is most abundantly developed m rocks which while they contain 
distinctly more potash than the dolentes contain if anything less soda 
The soda in the analyses can be act )unted for largely by the aeginne rims 
<f the pyroxene crystals which wculd leave altogether too little soda for 
the zeolite to be natrohte T he zeolite occurs in greatest abundance in the 
lime rich rrcks and is present only in small amounts or is absent in rocks 
rich in potash and relatively poor in lime Moreover in the lime nch 
nxks the lime content equals or exceeds that of the dolente and it seems 
unlikely that there is sufficient pyroxene present in them to account for the 
whole of the lime It is concluded therefore that the zeolite is i lime rich 
variety the lime being derived from the breakdown of plagioclase from 
the original dolente As cmhrmation of this one section contains residual 
plagioclase more or less protected by rims of rrthoclasc in which the 
plagioclase appears to sli >w all stages of gradation into the zeohtic substance 

The veinlcts f zeolite irt of late f irmatton since in somi sections 
they cut across large < rth xlasc crystils displacing the two halves (Plate IV 
fig 3) In other secti ns the ze lite vtinlets cut through garnet biotite 
clots while frequently the zeolite fills the interstices between orthoclase 
ctysfals The more lasic specimens (18) (Table 5 Analysis 4) contain 
a propcrtion if coarse grains of fresh nephehne up to 0 3 mm acioss 
The nephehne like the orthoclase encloses numerous smaller crystals of 
pyroxene garnet and biotite It can be distinguished from the orthoclase 
only by its uniaxial figure and its negative character so that it is easily 
overlooked Paul (1906) analysed a still more basic rock (Table 5 Analysis 
A) in which nephehne was apparently more abundant and biotite was present 
as occasional large crystals This rock is reported to have occurred as 
scattered stones not m situ between the Regatta Box and the Point 
Kosenbusch referred to it is a mica nephehmte with the habit of a 
monchiquitc (Twelvctrccs 1902) and Paul (1906) called it a monchiquitic 
nephelemte with shonkimtic affinities Twelvetrees (1907; later classed 
it as a monchiquitic shonkimte Its gentral resemblance to slunk mite in 
chemical composition may be seen bv t < mpanng Analyses A R and C in 
Table 5 but it is more basic than typical shonkimte 

The rock descnlied as jacupirangite (Twelvetrees 1902a) appears to 
be an even more basic variety from winch orthoclase was excluded It 
consisted essentially c f nephehne augite sphenc garnet apatite magnetite 
and biotite A careful search was made for this rock without success 
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and it is certain that it must be of very restricted occurrence—no more than 
a localized segregation—though 1 welvetrecs' (1902 a) description would 
lead one to think otherwise 

The felspar in these rocks is chiefly orthoclase In some sections it 
tends to be porphyntic with lath or platy phenocrysts from 1 to 3 mm long 
in a finer grained ground mass of lath like orthoclase grains about 0 1 mm 
long In other sections the orthoclase forms equigranular plates 1 to 
2 mm across The individual crystals commonly enclose grains of iron 
ore garnet biotite and pyroxene 

In the more leucocratic rocks (16), the orthoclase plates tend to be 
sub parallel as in the syenite pegmatites and are about 2 0 mm x 0 2 mm 
with smaller prisms of pyroxene or in some cases hornblende interleaved 
with them The coarser crystals contain a little microperthitic albite in 
some sections 

• Remnants of plagioclase are preserved in some of the more lime rich 
rocks (21 24) The plagioclast o<cur& as zoned cores to orthnilase crystals 
and is traversed by fractures that do not extend into the surrounding 
orthoclase so that frequently the plagitclase inclusions arc ragged remnants 
(Plate IV fig 4) The plagioclase has a refractive index well ahove that 
of the orthoclase and is optically positive so that it i* pi ol ably andesine 

Some sections (24 29) contain a mineral that somewhat icsemhles 
altered plagioclase It is biaxial and opticall) positne with a refractive 
index about that of andesine and a buefnngcnce less than that of orthoclase 
It lends io occur in more or less rectangular grains with a prominent 
cleavage at light angles to the longer axis and consistently extinguishes 
parallel to this cleavage It commonly appears dusty and many grains 
ire more or less altered to a /eolitic substance the alteration developing 
along the cleavage The low birefringence ind the straight extinction do 
not fit andesine and there is no orthorhombic mineral that has all the 
requisite optual characters so that the mineral remain indeterminate The 
untreated mineral is not affected by water soluble dyes like methylene blue, 
though the straw coloured luottte in one section (29) was rendered reddish 
violet by immersion in an aqueous solution of this dye 

The sphene in the hybrid rocks occurs as coarse crystals up to 2 mm 
long Occasionally clots of as many as fifty crystals of sphene the individual 
crystals being about 0 5 mm long have been observed the clots of sphene 
forming the cores of clots of pyroxene crystals Small crystals of sphene 
are included in some of the garnet grains and sphene is often intimately 
associated with areas of intergrown luotite and garnet suggesting that it 
represents titania set free during the transformation of the pyroxene into 
these minerals 

It may be noted that although sphene occurs in many of the alkali 
rocks the amount of TiO^ in the analyses of these rocks rarely exceeds 
0 5% This is true also of the potash rich hybrid rocks In the lime rich 
hybrids however, and in the dolentc, the IiO, content is commonly in 
excess of 1 0% suggesting that the sphene in the lime nch rocks comes 
largely from the ferromagnesians of the original dolerite 

The apatite tends to form equally coarse grained crystals some of which 
are speckled with black dust like inclusions Most of it, however is clear 
and colourless It is most abundant in the lime-nch hybrid rocks which 
contain in excess of 1 0% P a O B as compared with less than 0 5% 
in most of the potash rich hybrid and dyke rocks and the dolerite The 
magnetite in the hybrid rocks occurs as equi dimensional grams whose size 
corresponds to the general grain size of tne particular specimen It tends 
to associate with the biotite-gamet intergrowths and does not occur as 
inclusions m the pyroxene 
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Conclusions, 

The metamorphic alteration of the dolerite at Regatta Point provides 
an excellent example of the distinctive India viour of igneous rooks when 
subjected to thermal metamorphism, as outlined by Harker (1932, pp 
103-110). The first stage is the conversion of a higher mineral (pyroxene) 
to a lower (hornblende). The dolcnte, having cooled rapidly from a high 
temperature, its pyroxene minerals ate in a metastable state. 'The first 
effect of slowly rising tempeiature has been to restore molecular mobility 
to the rock, and permit these metastable, high temperature minerals to 
react with their matrix, rind tiansfnim to hornblende, a mineral stable at 
the lower temperature induced by the thennal metamorphism. Similarly, 
Lite magnetite has reacted to form biotite, whereas the felspar, as is common 
,to such rocks, has proved more stable, and lias not recry stall ized appreciably. 
In this initial stage of metamorphism, the minewils have, therefore, undergone 
the reaction changes that the) would normally have undergone if the dolerite 
magma had cooled slowly. It is “a suspended reaction, which now takes 
elfect when the appropriate temperature is realized ”. 

With advancing mctamorplnsm (in the “transition zone”), this change 
is reversed. At the higher temperatures now prevailing, augite and not 
hornblende is the stable mineral. 

At this stage, however, reaction with the invading potash-rich magma 
assumes significant proportions, with the development of hybrid rocks, 
and the reactions involved provide an illustration of Bowen’s (1928, pp. 
197-200) conclusions as regards the processes of assimilation and 
hybridization. 

Bowen states (p. 197) that “any magma saturated with a certain 
member of a reaction series, is effectively supersaturated with all higher 
members of that reaction series. It cannot . . dissolve inclusions of 

such higher members, but can only react with them to convert them into 
that meml>er of the reaction seiies with which it is saturated/' Thus wc 
find the potash-rich magma, which is saturated with soda-rich sanulinc 
felspar, reacting with the plagioclase of the dolerite The soda from the 
plagioclase can enter the syenitic magma, but the lime from the plagioclase 
Lan enter into the sanidine only in small amount, for the mapma is saturated 
with respect to lime minerals 1 he excess lime is precipitated as augite, 
the lime mineral with which the syenitic magma is ‘■aturated The effect 
is, therefore, simply to promote the normal process ot crystallization. It 
may l»e noted that the process is somewhat more complicated than is indicated 
by Bowen's statement quoted above and involves the transference of the 
lime from one reaction series (the felspars) to another (the fcrromagncsian). 
The soda from the plagioclase is partly taken up by the later felspars, and 
partly transferred to the pyroxenes Where there has been local precipitation 
of pyroxene to excess, the residua! magma appears to have been 
" desilicated", and the soda has I>een reprecipitated partly as nephehne. 
The alumina from the plagioclase is largely added to the magma, 
intensifying its tendency to Income saturated in this direction 

Wheie the included rock contains minerals later in the reaction series 
than the minerals with which the magma is saturated, Bowen (p. 200) 
considers that the included minerals will simply dissolve, with a 
simultaneous precipitation of the minerals with which the mafjma is 
saturated. The hornblende of the metamorphosed dolerite, which is lates 
in the ferromagnesian reaction than the augite of the syenitic magma, was 
thus under a double compulsion to give place to augite. ’ Increasing intensity 
of thermal metamorphism drove it in this direction, while the incoming 
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syemtic magma tended to dissolve it when its constituents were feprecipitated 
as augite It is not surprising therefore tlut the passage from the 
metamorphosed dolente zone to the hybrid zone is one of rapid transition 
with no sharp margin Similarly the late reaction of augite to form garnet 
and biotite as the magma became increasingly situiated in \1 O a is only 
a repetition on a more pronounced si ale of a reaction normal to the 
(apparently) uncontanunatcd syenitic niagmi 

These changes l>eai out Bowens further conclusion (Bowtn 1928, 
p 223) that magmas may incorporate consideiable quantities of foreign 
inclusions both by the methods of reactive solut on and by reactive 
piecipitation All of these actions ire however in cmphisi/ing of n imal 
piotesses possible in the absence of foreign matter I his conclusion 
has significance in any speculation ds to the nature of the deeper lying 
unexposed alkali rocks at Port Cygnet 

It is established that the lntrusii n is a differentiated syemtic stock of 
which the uppermost zone is picsumably from its texture a ehilltd nmgin 
This margiml zone of syenite pnrphyiy clrsely rtscmllis in chemical 
composition the banatite that forms the upper part of the Mt Drmmdaiy 
laccolith m New bouth Wales The Mt Dromediry laccolith appears to 
have developed through the diffeienti ition in situ of a mnn/i nitiL magma 
giving rise to an uppermost z me of Innitite and lower zones of sh nkinite 
and pyroxemte (approaching jacupirangite) 

Assuming that assimilation rnly emphasises noimal pr cesses then 
the local development of a hylrul rock approximating to a slionkmite at 
Regatta Point suggests that the trend in the differentiation of the Pent 
Cygnet stock would have l>een towards the formation of a layer of she nkinite 
withm the stock in addition to the visible upper layer of syenite porphyry 
resembling banatite Analogy with Mt Dr medary suggests that these 
rock types are derived from the differentiation of a monzonitic nngma 

The process of diffucntiation is at Mt Dromedaiy involved a 
concentration of potash in the form of laige phennerysts of sanuline 
presumably by upward displacement of residual potash enriched magma 
and possibly by upward flotation of the early formed sanuline crystals 
I he s undine ciystalh/ed side by side with plagicclase felspars rich in soda 
the two series becoming increasingly incapable of solid solution with cne 
another as the temperature decreased Prc n unct l fractional crystallization 
of the sanidinc aided the concentration uf potash m the residual magma 
Jhe early formed sanuline irystdhzed at i temperature which permitted 
a high degree < f sc hd soluti n of alhite in the sanuline and bee ime armoured 
al>out by maigmal zones progressively uchcr in potash which effectively 
prevented return of soda to the magma as the tempeiature declined The 
soda rich cores bttime increisingly unstable as the ttmpuature declined 
and finally unmixed to form mierc pertlnte 

In the later stages of differentiation when ansidcrahle ciystallization 
of coarse sanuline ervstih had recurred it semis pics hit tint tftL mtiiisi n 
of some of the dykes was accompanied by some degree of filter press 
action This would explain the occurrence of dykes with identical matrices 
having very variable pioportions of sanidine phcnocrysts like the tinguaites 
and especially the syenite aphtes anti pegmatites 

Ihe close chemical resemblance of the lcucocratic hybrid rocks at 
Regatta Point to the more potassic dyke rocks suggests that the dyke rocks 
are representative of a zone or layer of differentiated rock within the 
intrusion 
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The hauyne in the dyke rocks is presumably the equivalent of the 
nepheline in some of the hybrid rocks 


Tabif 1— Anaiym* or the Sytsm Pobphyky (Banatttk) 
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1 Syenite porpt yry (No 54) con la n ng hornblende and pyroxene ir m near the saddle of the rood 

from I ymingt n to Wattle (rove Port Cygnet diilnct Analyst A B Kdwxjidi 

2 Syenite porphyry (No 7>) w th altered hornblende from Petchcy a Bay Port Cygnet district. 

Analyst A B hr waid* 

A Banatue (Syenite) Mt Drwncd ry loccol th NSW (1 A Brown Proe Lmn Voe N S W » 
vol 55 Ft 5 p 07 1910) 

B Average Akr tr (R A Daly Igitnj Rocks md the Dei thi of the Earth p 12) 

L Average Quart, Monxonite (R A Daly Ibid p 15) 
hor local on o( i aly rd m ec mei ^ me tig i 


1 \Brfc 2—Anaiysi-s oi Pour CY(%rr Dykf Rocks 
(Analyst A B Edwards ) 



1 Htuyne vin id me g irnet porphyry (81) quarry itr road lead ng from Regatta Pont to Wattle 
Crr vc 

1 Ill tynr un d hl girntt |ori hyry (110) from roal i rth of Toby ■ 1111 

A Garnet n l eolvelergte fron vicin ty of Rrgitti Point (I* P laul T chtr Mm Pair Mitt, 
vol 25 nf 269 J] 8 1906) 

U Garnet trachyte , on beach between Pott Cygi el and Lymii gton (W A Mcleod and 
O E Whte Papers Ruv Soc Tas 1898 99 i 7 *5) 

1 Sanidine lingua le (93) north of jetty northern hndlmd of Copper Alley , 

4 T agumite (95) Mt Mary mmc Mt Mary 

C Average til gui to (R A Daly Tgneoui Rock' and the Depth* of the Fartb i 27 1933) 

I) 1 inguaite with «ii dine phenocryst' Bear) iu Mta Montana (Weed and Pirwm Am lour 
So. IF p 192 1890 

E Solvabergite Longethal Norway (Brogger Erupt vgeotcine Kr at I p 80 1B94) 

5 Syetute pegmatite (25) inlet south of Regatta Pm t 

6 Garnet ortl oelante (19) Regatta Point 

Tor location of anilywl specimen' eee * g 2 
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Table 3 —Composition of Sanidine pHFNocniyr* in Pom Cvcm-t Rocks 

_ (Analyst A fl Edwards ) _ 
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Table 4 —Analysf** oi MFTAMoupnosKD Doi fritf at Retatta Point Port Cycyh 


(Amlyst A B Edwards ) 
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1 Slightly metamorphosed dolente (361 just aouth of Cygnet jetty RegntU Point 

2 Partly urahtizcd d Imte (Is) n tdwjy Ictwicn Cygmf jetty ai I Rcgstt i I it 

3 Completely unlitued dolente (7 a) north side if Regatta Point 

4 Metamorphosed dolente (11) from the tnnsition zone Rrgitta Point 

5 Dolente dyke (40) aouth aide of (opi*-r Alley Ton ( ygi et 

A Avenge undifferentiated Md ««r 1 Irr le of Tisimnn (ivrrjge of < sn-Ujsis) (Ldvu 1« 

Jour Ciol SO p 465 1942 ) 

B Differentnted dolente from 9«,D feet ihovr sea level Mt Nelson rmnunn (Fdworls lb\d 
P 470 ) 

C Jacupirangite Magnet Love (Washington Jour C ol 9 1901 620 22) 

D Jacupirangite Vio Paulo Brant (Washington lb d ) 

h Average Essezite (Daly Igneous Hocka and the Depths of th Earth 1711 p 22) 

For (oration of analysed specimen see i\% 4 an! h| 7 
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2 Lencocritic hyhnd rm.k (14) ak tit 70 yirdv outh of the transition zone (Julges Box) 




110 


A. B. Bdw&ds 


3 McUnoentic hybrid rook (24) Dear tbs hud of tba islet M the M 

■boot 250 yaraa Booth of the trumtsoo bom (Jude* 1 * Boa) 

4 IfalanocraUc hybrid rock (IV), abort 250 yard* aeutb of the tranutJoo 
A. 14 If oochiqmtie nephollnite ’ (F P PboI Tttktr iitM Petr I §4tt 

Thu la the ‘mocchiqwbc abonkuuti' of Twelrttreea 

New Sooth Wales (I 


h aid* of Stfitti tai 
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25, of, 269 31ft 1906). 


A IJrerwn Proc bum. 


B Shook)site Tilba Tilba Vtllafe Mt Dromedary 
Soc N A W 53 (5) 636 1930 ) 

C Average abonkinite (Daly Jgncooa Rocks and the Dei the of the Earth 1933 p 23 ) 
For location of analyaod •pecimcn* aec Fig 4 
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1 Pyroxene Uug tc) f ora ayenite porphyry dyke Deep Bay 

2 Pyroxmc (ugite) from hybrid rock (18) Regatta Point 

J Composite pytoxeu* sightly uralit ltd from the dolerite (U) Regatta. Point 
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Plait IV 

Ho 1—Ouster of zoned rarhnite garnet in haiyne unidine g-umel porphyry dyke (110) Toby’s Hill 
Ordinary light X 25 

1 io 2 —< roup of litertd hauynt crjilaJ# showing their chirictcrutic form Hauysc suid ne garnet 
porphyry (81) nrer Regatta Po nt Onlimry 1 ght X 15 

Fio 3 —Zeolite vein cutting and displacing ■ plate of Mold no in hybrid rock Regatta Po 1 1 NtcvU 
eroded X M 

Hr 4— Phcnocryit rf orthoclair enclcniig rcmmnts of a large plagiodase crystal (dark) n 
hybrid rock (24) Regatta Point Nicola crossed X 2s 

Ho 5—leirt altered dolerite (16) showing chirvctcriitie texture of mtergrown plagiodwe wd 
pyroxene Neir Cygnet jetty Ordinary light X 35 

fio f —Thermally metamorphoacd dolentc (7a) w th pyroxene converted to hornblende, hot 
preserving the texture of tha dolerite Regatta Point Orlinary light X 15 


Pi ATT V 

Ho 7—Hornblende altering 1o gTinutar augite in dolentc from the tronubon zone Regatta Point 
Ordinary light X 43 

Pin 8 -Crvsttl of hornblende comfletely alterei to grannlar augite and magnetite in dolentc in 
the transit on zone Kegntta Point Ordinary li^ht X 45 

Fiq 9—Pyroxene crystal with a nirrow nm of blot le and melanite garnet mtergrown with one 
another Hybrid rock Regatta Fo nt Oil nary light X 40 

PiO 10 —Advanced •tage of oltent on of pyrtnene (core) to blctite and garnet (margin) Ordinary 
light X 35 

Rio 11 — Pwudnmorpb of latte and melanite girnet ifter pyroxene cryttil Ord nary light 


Rio 12—Hybrid rock wth relitveU coiw crystal! of biot le and melanite garnet dupe sed Ihmngh 
it Ordinary 1 ght X 30 
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Art X — rhe Lagenid I* ora mm f era and fhetr Relationships 
By WALT! R | FARR h RMS 
[Read 13th December 1945 ] 

Abstraot. 

ihe writer review:* the opinions currently held as to the position of the lagenid 
forammifera and submits evidence to shew the. dost relationship of the genera Laqena 
Oolwa (with / ttfosoleitui as a synonym) 1 issvrina and the liooded forms usually 
referred by authors to the genus EUtpsolaqem He regards Elhps daqtna as identical 
with rttsunna and erects a new genus Parafisrurma for the reception of the hooded 
forms 

hrotn the evidence the writer concludes that instead of the Ugemd forammifera 
being a pohphyletic group f end forms derived from multilocular genera belong ng 
♦o several families thty ire not end forms and that all belrng to the simi iamil> 
fie also does not u nsidcr them a-» was believed by Brady to lie ancestral to thi 
multilKular firms of the Nodosamdac and the Polymorphimdae but suggests that 
thr lagemd forms and the multilocular forms had a common ancestor lhe family 
Lagtmdae is projKised fir the unilocular forms with the N ido^midae restricted to 
the multilocular forms usuilly placed in this f muly 

Introduction 

During work nn the fi ranunifera extending over more thin twenty 
years the wntti his met with from 21X) to 300 species of lagcnicl 
foianunifti i md then ldtutihcition his led to a consideration of the 
vdue of the genera erected In authors for the reception of these fumis 
hi submitting the results of th w st investigations it should lie siuj at 
the outset that i full uiuleistanding of the lagenid forammifera cannot be 
obtained until well piesci\cd fcnnimiftiil fmnas from the [uiassic ind 
also from the Pal leozuic hive I een studied as it is in deposits of these 
ages thit we must lunl fur the pmgimti rs of the nresent dav genera It 
is however hoped that the evidence now to lie presented will be sulfieient 
to show that the views which are currently held with regard to the 
stitus and relationships of sonic of the 1 igenid forannmferi should lie 
revlsed 

l ntil the publication of I)i | \ Ciishnun s outline of i it ehssiheation 

of the forinunifen in 1927 authors hid with few txeeptmns been content 
to follow the late Dr H B Hiady in leftring all of the single chambered 
hyihnc foranumferi to the genus I aquia VValkei and Boys Cushman 
limited the use of J agrna to those species in which the test was eithei 
with or without a neck and lhe ipertuu was tadiate (tartly) rounded 
elliptic il m slit like and terminal lit included within the definition 
cf latjma suh gtner^. is Oohna d Orbigny implwrtna dOrbigny 
A (winner Reuss Trtgonuhna Seguenza and other genera which are now 
generally accepted as synonymous with Laytna foi those species with 
a rounded test and an internal tube free at the inner tntl and with the 
aperture centrally situated at the end of the test and elliptic il or circulai 
in shape Cushman revived Williamsons genus rntoiolaita winch he 
tiansferred from the family T agemdac to the Buhmmidie Ihe third 
group of lagenid forammifera recognized by Cushman was leferred by 
him to the genus f Uipsolagma \ Silvestn whieh he placed in the family 
niipsouhnidae In this the test has in internal tulie at one side of the 
aperture whieh is elongate subterminal curved with one side raised into 
i protecting hnnd 
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Several years after the appearance of Cushman's work. Dr. I. J. 
Galloway (1933) published his book, "A Manual of Foraminifera”, in 
which a different treatment of the lagenid foraminifera was proposed. 
He recognized eight genera, of which Balanultna Kzehak is now known 
to be a cirripede, and Obliqutna Seguenza, as an abnormal form with 
apparently only a single record, need not l>c considered here The 
remaining genera were divided among three families, vi/ — 

Genus. Family. 


(1) Oolina d’Orbigny (with 

Entosolenia as a 
synonym) 

(2) Lagena Walker and Boys 

(3) A m />horind d'Orbigny 

(4) Ftfsttrtna Reuss 

(5) Trtgonulina Seguenza 

(6) FJlipsolagena A. Siivestri 


NODOSARIIDAE (- Lagenidae 
of Cushman) 


UVIGER1NIDAE 
PLKl TROSTOM El -LI DAE (« 
Ell ipsouhnidae of ( ushman) 


The four genera used by Galloway and not by Cushman aic Oolina , 
Amphorina, Ftssurtna , and Trtgonulina. Oolxna has, however, Entosolenia 
as a synonym 

Chapman and the present writer, in their classification of the 
foraminifera (1936), recognized only two genera, Lagena and Elhpsolayena, 
the former l>eing placed in the Nodosariidae and the latter in the 
Pleurostomellulae JAUjemi was used in the same sense as by Cushman 
with the addition of Entosolenia as a synonym, as it was considered 
Entosolenia could not l>e satisfactorily distinguished from Lagena. 

Here, it may lie convenient to give m some detail the published views 
of the authors named on the origin and relationships of the various genera. 
Cushman, in the third edition nl his Classification (1940) states on page 
195 (under the family Lagenidae) :— 

“It is rather evident that the forms included undet Lagena have probably betn 
derived from various sources, and perhaps but a few of them rrall> belong to ihc 
family Lagenidae ", 

P. 203. “It is very doubtful if many of the forms classed as lag ma nall> hi long 
to this genus of this family” (i.e. the I~agenidae). 
and on p 238 (under the family Bulmnmdae) — 

" Entosolenia with its tfu/iwma-likc aperture and internal tube probably dm loped 
into numerous species now usually called Lagena ” 

P 238. “ Angulogerma with its sharply triangular test ts trtscnal, and from it 
came Trifortna which is unisenal in the adult From this, were probably tltmid those 
angled “Lagenas" sometime* called Trigonuhua and 7 etragonuhna " 

Jn eveiy case, Cushman regards the unilocular forms as having evolved 
from multilocular ones 


Galloway (1933, p 230 et siq ), in Ills account of the Nodosariidae, 
discusses at length the relationships of the unilocular foraminifera placed 
by him in this family. His views are too long to quote in full, but to 
summarize them, he regards these unilocular genera as end foims derived 
from multilocular forms On p. 233, he gives reasons why they should 
be regarded as neither simple nor ancestral to the multilocular genera of 
the Nodosariidae, contrary to the 1>elief of Brady and others. Lagena and 
Amphorina are considered to lie derived from Dentalina and Nodosana, 
while Fissurina is regarded as having evolved from Lingulnw. Oohna is 
considered to have Glandtdina as an ancestral form. 

108M/4I.-8 
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On p. 372, he states:— 

" Trigonuhna seems to be the end stage from Dentaltnopsis or from Trifarma 1 and 
since it is usually monothalamous has heretofore been considered as a synonym of 
Lagtna. Lagena, as ordinarily defined is a highly polyphyletic group, the end member 
of several lines of evolution. It may also be that the three-sided forms of single- 
chambered foraminifera, here referred to Tngonnltna, were derived from several 
different families, but if so there is as yet no known way of separating the isoigorphs." 

On p. 380, Galloway remarks:— 

" In Elhpsolagcna, the internal chamticrs have been accelerated out or rcaorbcd 
much as in the case of Orbulina. Whether Elhpsolagcna was derived from Elhpjoidina, 
which it most nearly resembles, or from Ellipsobulimina, or from Ellipsolingulina, is 
not clear. The carinate edge of the test, and particularly the compressed form of 
>nme species indicate that hllipsofinguliHO was the ancestor of Rllipsohaena It may 
be that EtlipsoUigena, as now undei stood, embraces the end members of all three genera 
of the family mentioned as possible ancestors *' 

Chapman and Parr (1936) and Glaessncr (1945) have also treated 
the lagenid foraminifera as having evolved from multilocular forms, 
belonging to more than one family 


Discussion of the L&genid For&mlnifer&l Genera. 

Lagena Walker and Boys, Testacea ininuta rariora, etc., 1784, p. 2 

Type species: Lagena sulcata Walker and Jacob — Serpula ( Lagetta) 
sulcata Walkei and lacob. 1798 — Serpula (Lagena) striata 
sulcata rotunda Walker and Boys, 1784. Designated by Parker 
and Jones, 1859 

In its typical form, as represented by the genotype, L suhata (Plate 
VI , fig 1), the test cuiisists of a single almost globular chamber, with the 
apcrtural end drawn out into a moderately long neck at the end of which 
is the circular aperture There is no entosolenian tube. 

The wall in species of Lagena Hoes not appear to show the variety 
of ornamentation K j en in Ooltm and Fttsunna, l>eing either smooth, as in 
L. clavata (d’Orbigny), variously costate, as in L. sulcata (W & J ), 
L . i urvilmcata Balkwill and Wright, and other species, or hispid, aculeate, 
or beaded (as in L d^lonia-margantifna Parker and Jones). The reticulate 
ornament and double wall found in some species of Oohna and Fissurtna 
are not represented, hut the neck shows a variety of ornamentation not seen 
w these two genera, lieing at times longitudinally or spirally costate or 
annulated. 

Aniphorina dVrbiyny , " Foramim feres ", in: Dictionnaire universal 
d’lustoire mturclie Pans, 1849, vol 5, p. 666 

Type species: No species named by d'Orbigny. . Imphortmi gracths 
Costa. 1856, designated b\ Cushman. 1928 

This genus was elected by d’Orbigny for the reception of those 
lageuid foraminifera with a fusiform body chaml>er one end of which 
is drawn out into a long neck terminating >n the circular aperture The 
genotype, designated by Cushman, is A. gractlts Costa (Plate VI., fig. 3), 
but better-known examples of this generic ty|>e are Lagi na distoma Parker 
and Jones and L. disioma-margaritifera Parker and Jones. The genus 
differs only from Lagena in having the aboral end tapering to a point instead 
of having the end rounded as in Lagenae of the L. sulcata group. The 
torms with rounded tests intergrade with those of the Amphorina type 
to such an extent that it is not possible to draw a dividing line between 
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the two Structurally the two genera cannot therefore be separated and 
the writer accordingly agrees with Cushman that the Amphonna forms 
should be included under Lagtna 

Ooltna dOrhgn/ l o\ tyi d iim lAmeiiqu mndnnah 1 ora mint 
fereK Str isbourg I evnult 1839 vol 5 pt 5 p 18 

iype species Ooltna hettyata dOibigm 1839 Designated by 
(iillnway and Wissler 1927 

For some unknown reason the gtnus Lagina was never used by 
d Orbigny although it had been recognized by two other 1 lench authors 
Dcfrance and Deshayes before the genus Ooltna w is erected Ooltna as 
described by d Orbigny includes forms of Layma i issurnia ind Ooltna 
as now understood J he genotype of Ooltni O lacztqata d Orbigny 
(Plate VL* fig 5) was first designated bv Oalloway uid Wissler in 1927 
Although d Orbigny states that the test of this species is very tnnspaient 
he makes no reference to an interna) tul>e which if present sh< uld have 
leen readily recognizable As it is not visible m his hguic the pcsiti m of 
Ooltna would l?e dt ubtful but for the information given by lleron Mien 
and I arland in then work on the foramimfera of the lie I ree Aita of the 
I alkland Islands and Adjacent Seas (1932 p 361 p] 10 fig 4) They 
did not find the type specimen of O latzujata from the Falkland Islands 
but record that there is another specimen from the same area in <1 Orbigny s 
collection labelled Ooltna laez iqata This they ci nsiclu t he tin same as 
Layma glolosa (Montagu) \nolhu sptumc.ii from their own nntcrtal 
fiom the I alkhnds is iigmed 1>> them and is \eiy similar t d Orbigny s 
t>pe figuu As the enlos lenian tube is visible in then hguic there appears 
no doul t that 0 UtCcU/ala Ixdongs to the gicup of ligeiml foiamimfeia lor 
which Williamson later proposed the name >f I ntosohma Oohna is 
accordingly icgarded as a valid genus with / uto olcrtta as a synonym 

I ht test if Oohna m most speuts is spherical or ovoid and the will 
may he since ill is in O / m tgaia dOibigny o^tatc as in () coitata 
(Willumson) or leticulated as in 0 luxagom (Williamson) and O 
squamosa (Montagu) Jn one species O hrrtzugiona (Bruly) the wall 
is double and on both the c utsidc ind insult surfaces of the test it is 
conspicuously perfoi ilcd 

lhe dpiitmc in O lint is typically i centrall) placed luunded terminal 
orihcc which opens intern ill) into an ent soleman tulic In the genotype 
O laeciqata it is at the end of a very short neck Jn one species O 
qlobosa (Montagu) it may ho rounded ovate slit like tn ladntt ciuciform 
or ridiatc (zxdc Hud) 1884 p 441 text figs 11a g) 9 but such vanati >n 
is net typical of O qlol so is it usuallv tcuis The i|Krturc in tins 
species is generally a umnded opening but is not infrequently stdl ite 
Lht stellate aperture is found in fossil examples of () glolosa from the 
Miocene <f \ictom ind nn\ occur t irlici With the exception ol 
0 qlobosa ill sjHues of Odtna have in the writers experience constantly 
a rounded aj>ertui< 

Another feature which is found in O ylofn i and its costite variant 
O Imeata (Williamson) is the occasional development of an cctosolennn 
tulie This is not an extension of the body chainl>er of the same character 
is the neck of Laqcna sulcata but is met cl v a prolong ition of the outer 
end of the internal tube It has been well figured by Wiesnei (1931 
pi 18 fig 215) from the Antarctic where the writer has met with similar 
examples Brady {lor supra ett) has also figured several examples of 
O qlobosa from the Irish Sea showing the same firm of structuic The 
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ectoaoleman tube is rather irregular in form and in one of the specimw 
figured by Brady (Plate VI fig 4) the outer end of the tube it bifurcated* 
Balkwill and Wnght (1885, p 336) note that 0 Itneeta frequently bears 
an external tul* which is often bent and irregular in shape They figure 
(loc cit pi 14 fig 14) a specimen showing a straight annulated tube 

In one species of Oohna Brady s lagena hertutgtana there is a short 
internal tube and a delicate ectosoleman neck The shape of the neck, its 
diameter which is the same as tint ot the intern il tube and the abrupt 
manner in which it nses from the apex of the test suggest that it « 
merely m extension of the internal (nix' of the same nature a* that Been 
in O gfol osa and O lineal a 

One species of Oohna ( iishnnn s lagena urtUirw < PI ite \I hg 6) 
from the North Pacific has an apertutal chimberlet from the base of 
which and not from the cxtenoi optning the internal tube commences 
Sidebotti m (1912 p 380 pi 14 tigs 7 R) in his paper on the Lagenae 
of the South West Pacihc has figiml undei the name ot Lagena globosa 
(Montagu) bilocular fctnis two spuimtns which hive a verv small second 
chamber In fig 7 the eutosolenim tube is is in l collars found only 
■n tlu initial clnniler but in hg 8 each chamber has an entosoleman tube 
Mr Arthur Larland has sent me i slidi containing three specimens of the 
same form as Si debottom s and in each of these the entosoleman tube 13 
developed onh m the first chamber While an apertural chamberlet is 
commonly found in the multilocular forms of the Nodosarndae and in the 
Polymurplunidat the records now given appear to be the only evidence 
of a soim w h it sinulai structure in the lagenid foramimfera 

I here ue several described species which aic probably referable to 
Oahua alth< ugh the apertural end of the test s drawn out to form a neck 
"tsemhlmg that seen in Lagena Two of these Bradys Lagena stelhgera 
and Heron Mien and 1 arland s 1 scoth are Recent forms and two others 
are the Ternary species figured by Silvestn (1912 p 153 text figs 18-22) 
under the nanus of L ttrumosa Reuss \ar tehhehli Silvcstri and / hystnx 
Reuss (Plate VI fig 7) These four forms all have an internal tube 
Tne writer has also met with a smooth entosoleman species like 0 globosa 
with however a short neck in the Upper Cretaceous of Dandarragan, 
Western Austiaha \ not her fossil species with a produced neck in addition 
to a proliahly entosoleman tul>c is> described by Macfadyen (1941 p 63, 
pi 4 fL M) under the name of Lagena daioti from the uppermost beds 
of the Lower lias of Fugland Macfadyen was n it able to satisfy himself 
beyond doubt of the presence of the internal tube but it is not unlikely 
that the Mesozoic species showing the external characters oi the genus 
Lagena include a number in which the entosoleman tube is also present 
As will lie seen later the apeUural end of the test in many speciea of 
rtssurwa is similarly extended and the same development is to be expected 
in Oohna which differs only from Ftssurtna in having the test rounded in 
transverse section instead of Ixing compressed 

Fntosolcmo Williamson Ann Mag Nat Hist str 2 vol 1 1848 p 5 

1 ype species hntosolema luuata Williamson 1848 

This genus regarded as a svnomm of Oohna d Orhigny 1839 (qv) 

Pi\&urma Reuss Denksilir k \kad Wiss Wien Math—Nat Cl, 
\ul 1 1850 p 366 

I ype species Attunmi laeitquta Reuss 1850 (Platt VI fig 8) 
Monotypic 
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The chiractenstjcs of this genus in its typical form arc a compressed, 
aubgiobulaf test ith a terminal fissure like cavity which is deepest at 
the centre where ts situated the rounded aperture Internally the apertuit 
i« extended into a straight tubular process directed into the centre of the 
body cavitj Apart from the variations in the nature of the surface 
ornament and the amount of inflation of the test the aptrtural end tn 
many spedtes tends to be drawn out into a neck and the outer margin 
of the aperture then loses its slit like shape becoming oval (r even circmar 
in Outline These forms constitute Seguenzas subgenus Produttine 1 * 
(vtde Seguenza 1862 p 53) A well known species exemplifying the 
} tsstmnat with a short apertural neck and oval aperture is Bradys Lagtna 
tfathraia Representatives of those species of Ftssurtna with an elongated 
neck and circular aperture are Williamsons Entosolenta laqenotdes (Plate 
VI, fig 15) and the forms figured by Brady m the Challenger' Report 
under the-name of Lagena formosa Schwagei In one species of Fissurtna, 
Hadas Lagena curta (Plate VI fig 14) the aperture is radiate 

The species of Ftssurtna have received closer attention from Seguenza 
(1862) than any other author In additicn to the Prrduttine already 
mentioried he recognizes two other groups Tissunne nul Tubuline 
The Assume and Produttine comprise respectively the forms with 
the typical aperture of Ftssurtna and these with the apertunl end extended 
into a neck in none of which he had observed the presence of an internal 
tube Those forms with an internal tube were referred by him to the 
Tubuline which embraces species with the external apertural characters 
of both his Fis&unne md nis Produttine Despite this division of 
the genus into species with in internal tube and those without it the writer 
has never met with a species of / miirina in which ll e internal tube wns 
not present Individual specimens may occiu from which for sc mt unknown 
reason the tulx is nussim, but they are always asscuited with other 
specimens of the same qpeues showing the typical characters of Fwcwrma 
The tube in seme species eg F ihthrato (Brady) is very short but 
generally it e\teiuls well down the centre ot the body chamber Although 
u&ually straight it may as in F Itsptnota (Hada) and other species be 
curved back towards the margin <f the chamber ani is occasionally 
b shaped ti twisted like a c irkscrew towards one side <i the test 

In other species eg the form figured by Brady (1884 pi 59 figs 
8 11) as lac/un r fapltvlharui (Schwogcr) the tube instead <f being 
centrally plated is directed to one side following the curve of the chamber 
wall along a line midway between the margins of the test 1 his departure 
from the usual position of the cntosoleman tube is considered to be the 
first step m the transition from Ftssurtna to Parafissurtna in which the 
tube typically occupies this position Mr EarUnd has pointed out to me 
that in forms in which the tube occupies this position it is frequently 
attached to the wall of the chamber and is then semi circular m section, the 
chamber wall forming the flat side 1 his has been described by Sidehottom 
(1912, p 406) In the species recorded by Brady (lot tupra at) as 
lagena staphyUearta (Schwiger) the tube is fret and circular m section 
at first then becoming attached and semicircular in section in its later half 
(Plate VII fig 3) 

Another direction in which Ftssurtna vanes is in the shape of the 
body chamber The amount of compression may be so slight, as in P 
strwarftt (J„ Wnght), that the test is oval in transverse section but in 
most species the test is compressed to such an extent that it is distinctly 
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carinate. Up to as many as seven or more marginal keels may be developed 
and in some species, e.g., F. formosa (Schwager), the keel may be tubulated* 
The surface of the chamber may be smooth, e.g., F, laevigata Rensa; 
longitudinally costate, e.g., F. clathrata QJrady); beaded, e.g., F. eostren&s 
( Schwager); pitted, e.g., F. lacunata (Burrows and Holland); reticulate, 
e.g„ F. squaiHoso-sulcuta (Parker and Juries); or with costae (Mr. Earland 
informs me these are actually tubules in the wall) radiating from a more 
or less central point, eg., F. radiato-iHorginata (Parker and Jones) (Plate 

VI., fig. 11). 

Species of Fissurina, eg. F. pulchella (Brady), F. orbignyana 
Segucnza (Plate VI., figs. 12, 13), and F. lagenoides (Williamson), show 
a tendency to develop trigonal and tetragonal forms, some of which have 
lieen figured and described as new species by Balkwill and Millett (1884) 
in their paper on the foraminifera of Galway. In a later paper Balkwill 
and Wright (1885, p 341) abandoned this view as to the status of these 
forms, remarking that trigonal examples of nearly alt the British depressed 
Lagenac had been found by them Segueuza’s genu* Trigonulinn is clearly 
based on trigonal forms of this nature While these trigonal and tetragonal 
forms are generally associated with the normal form and are therefore not 
true species, there is one sjiecies in which the trigonal form is almost 
constant. This is the Antarctic species described by Wiesncr (1931, p. 121, 
id. 19, fig. 230) under the name of Lagena texta (Plate VII., fi(^ 2). It 
liafl the most highly developed test of all the Fissunnae. Quoting Earland's 
excellent description of the wall structure (Earland, 1934. p. 165), “The 
three facial surfaces arc slightly convex and double walled, the stout internal 
wall l>eing covered by low ramifying costae, over which is a delicate and 
hyaline outer shell. The spaces liclween the costae form cellules, irregularly 
fusiform in shape, like the pulp cells of an orange.” No other species of 
Fissurina known to me lias a double wall. Neither Wiesner nor Earland 
records the presence of an internal tube, although it should lie noted that 
Wiesner placed the species in the sub-genus Entosolema. However, on 
breaking open specimens, the writer found tliat the species has an internal 
tube. The tube, which is straight, slender, and slightly bell-mouthed at 
the inner end, extends centrally into the chamber cavity for about one quarter 
of the length of the latter. 

Several other species may be referred to here. Three of these, Lagena 
cymbula Heron-Alien and Earland (Plate VII., fig. 1), L. cymbacformis 
Millett, anti L. depressa Chaster, all have a depressed oval test, with an 
internal tube which passes down the median line of one of the longer sides 
of the test. The aperture is either round or oval Like Joseph Wright's 
lJig cm stewarin, these species all connect Oohna with Fissurina, but in 
view of the slight lateral compression of the test and the position of the 
internal tul>c, they are perhaps best referred to Fissurina, although they 
are far from typical of this genus. The other form, Lagena stelltgerc% 
Brady var. neisoni, described by Heron-Alien and Earland (1922, p. 148, 
pi. 5, figs. 20-22) from the Antarctic, is one of the most abnormal of all 
of the lagenid foraminifeta. The aperture is directed to one side of the 
irregular compressed oval test and there is a long S-shaped internal tube 
extending almost to the liase of the test, which is encircled by a collar-like 
keel While the form might be regarded as an asymmetrical Qolina, it is 
probably nearer Brady's Lagena fimbriata than to any other species and is 
accordingly here referred to Fissurina, Very similar forms not yet described 
occur in the Early Tertiary of Victoria. 
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While Fissttrina has been neglected by most authors, it appears to be < 
the mpst important of all of the lagenid genera, its variety of forms and 
ornamentation showing a greater development than any other gemu of 
the foraminifera. It is also represented by a larger number of well-defined 
species than any other lagenid genus. 

TrigonuUna Seguenra, Dei terreni Tercuirti del distretto dt Messina; 
Farit 11.—Descrisione dei foramintferi monotalamci delle tnarne 
mioceniehe del distretto d\ Messina. Messina, 1862, p. 74. 

Type species: Not designated. TrigonuUna oblonga Segucuza, 1862, 
first species, designated by Cushman, 1928 (Plate VI., fig. 16). 

This genus is regarded as a synonym of Fissurwa, q.v. 

Ellipsolagem A. Silvestri, Mem. Pont. Aec Roniana Nuovi Lincei, 
scr. 2, vol. 6. 1923, pp. 265, 268. 

Type species: Ellipsolagena acutissima (Fornasini) —i Lagcna 
acutissima Fornasini, 1890 (Plate VII , fig. 5). Monotypic. 

The characters of Ellipsolagena, as it is understood by most authors, 
are a monothalamous test, with an internal tube directed backwards from 
the aperture which is elongate, subterminal, cuived, with one side raised 
into a protecting hood. While Lagcna ventneosa Silvestri was designated 
the genotype by Cushman (1928, p. 265) and this was accepted by Galloway, 
it was apparently overlooked by both authors that Silvestri, in the paper 
in which he named Ellipsolagena, had referred Lagcna acutissima Fornasini 
to the genus No description of the genus was given hy Silvestri in the 
body of the paper, but on jwge 268, in his explanation of the plate, he 
describes Fig. 13 as follows*— 

" Lagena acuttistmo Fornasini (1890, Mem. R. Acc Sci. Bologna, ser. 4a, vol X, 
page 466, tavola, fig. 2, 2a) = Elliptolagctui acutissima (Fornasini) . " 

As L acutissima is the only species mentioned, it is necessarily the 
genotype and its characters determine those of the genus. Unfortunately 
Silvestri had not copied Fnrnasini’s figure of the aperture of L acutissima 
correctly, as he shows it to 1* slightly arcuate, while in Fornasini's drawing 
it is an elongated oval Fornasini’s figures in the 1890 paper (Plate VJI., 
fig. 5) (he figuied only the front view of what is unquestionably the same 
form in his original description of L acutissima and in neither case 
described the aperture) show the species to he a Fissurma-hhv fuim without 
any sign of the hooded aperture found in FJhpsolagena , as this genus is 
usually understood. The absence of any reference in Silvestri’s paper to 
his own earlier species, Ijiqcna ventneosa (text-fig. 1) and Ptssurina 
schlichtt (Plate VII., fig. 6), both of which have a hooded aperture, suggests 
that he may not have considered them to he Ethpsolageme. It will also 
be noted that the genera included by him in the family Ellipsoidinidae 
(vide p. 265 of the paper) do not include Flcurostomella or any other 
genera with hooded apertures. This probably gives the reason why he 
omitted mentioning Lagcna ventricosa and Fissunna schlichtt. In the 
circumstances, there appears to be no alternative but to regard Ellipsolagena 
As a synonym of Fissurina and to erect a new genus for the hooded lagenid 
forms. For this genus, the name of Parafissurina is proposed. 

Parafissukina, gen nov. 

Test calcareous perforate, consisting of a single, usually compressed, 
chamber, with an internal tube directed backwards from the sub-terminal 
aperture, which is an arched or crescentic opening facing the front under 
a hood-like extension of the ventral wall of the test 
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Type species Lagena vatincost \ A Silvestn, 1904 (text-fig 1)« 

Both Cushman and Galloway, and in this they were followed by Chapman 
and Part, regard the hooded lagenid species as bentf unrelated to the 
nodosanan forms and group Elhpsolagena with EUtpsotdtna, PleurostotneMa^ 
and similar genera of which they consider it an end form In the ymter’s 
view, based on the examination of examples of a large number of species, 
this is incorrect and he regards the hooded forms as a development from 
Fusunna 


> 
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As has already been pointed out the first indication of the development 
of Parafissunna from Ftssurtna is the alteration of the position of the 
entosoleman tube from the centie of the body chamber to a point midway 
between the margins of the test along one side of the test When this 
is observed the aperture should be examined from the side when it will be 
found that in some specimens particularly of the species figured by Brady 
(1884 pi 59 figs 8 11) under the name of Lagena staphylharta (Schwager) 
the apertural margin on the side of the test under which the internal tube 
extends is slightly higher than the opposite edge to the aperture (Plate Vll, 
hg 3) Elhpsolagena mauricn&ti Howe and Roberts (Plate VII fig 4) 
also shows this structure Ihe diffcienu. in height between the two edges 
is sometimes so slight as to be barely perceptible In these forms the 
aperture is a straight fissure but m others e g Ftssunna bicontca Silvestn 
(Plate VII fig 8) and F obtusa Egger there is apparently no difference 
in the height of the nm to the apertuie but the aperture itself is arcuate 
in shape Irom this point the apeitural iharacters develop along several 
lines The margin of the iperture on what may mw be itfcrred to as the 
ventral side of the test mcreabes in height and inclines forward till it forms 
a pronounced hood which may as in Wrights lagena margxmta (Walker 
and Boys) var tnaequtlateralu (Plate VII, fig 7) and Chaster s L milUttu 
(Plate VII, fig 9), completely burround the aperture Ihe aperture itsell 
becomes crescentic (as in Lagena ventneosa Silvestn) when seen from 
above and then develops mto an aichcd opening (Elhpsolagena dorbtgnyana 
Wiesner and other species) finally becoming circular as in Lagena mxUetttt 
Chaster * Where the hooded opening is large, as m EUtpsolagena margtnata 
Wiesnef, a plate is developed which nearly fills the opening, leaving the 
aperture a curved fissure between the plate and the overhanging hood 
The description of the aperture as so far given refers to the external 
appearance of the apertural cavity (the Mundungsmche of Wiener; 
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The Aperture itself, like that of Fusurtna is situated at the base of the 
cavity and is a rounded opening from which the entosolenmn tube extends 
ihto the interior of the test 

Except that the entosolenian tube m Parafissurtna is curved to conform 
to the shape of the side of the test on which it rests it is exactly similar 
to that found in Oohna and most speues of Ftssunna vu a narrow tube 
of even diameter throughout usually becoming somewhat bell shaped at 
the lower end No structure of this foim is found in any genus of the 
EHipaoidinidae or in any families other than the Nodosarudae and the 
Polymotphinidae and there accordingly appears to be no doubt that the 
relationships of Parafissurtna are with Oohna and Ftsturtna and not 
elsewhere 

The test in species of Parafissurtna does not develop the variety of 
ornamentation seen in FwjuriHtf Most species have a single encircling keel 
but an undesenbed species from the Tertiary of Victoria has two keels 
and in Wiesner's EUtpsolagena dorbtgnyana from the Antarctic there are 
three In P lateralis (Cushman) P cor (Wiesntr) iml si me other species 
the test is compressed but the margins are rounded Species with costate 
pitted beaded or reticulated faces which occur in Ftssurina do not appear 
to have been recorded if we except the costate Flhpsolagena uulpturata 
Cushman and Bermudez the generic position of which is duubtful 

Apart from the Eocene species EUtpsolagena maurtu nsis Hi we and 
Roberts which is not a typical Parafissurtna the earliest satisfactory 
published records of the genus are from the Miocene lhe writer has 
however met with a species of the normal hooded type in the Upper Middle 
Tocenc (Bortunian) of New Zealand and &e\ir«d species uur in 1x.ds 
of Upper Eocene or I ower Oligocene age in Victoria 

As there are several anomalous lagemd f< ramimfera which are c nsulered 
to be species of Parafissurtna it may be desirable to give n list of the fcims 
now referred to the genus This comprises only those known the writer 
and is therefore probably incomplete The forms using the generic specific 
and varietal names under which they were originally des nbtd arc 
EUtpsolagena btdens Cushman E ovata Wiesner 1 margin it i Wiesner 
E tnt ers i Wiesner l fitnftrmis Wiesner E lata Y\ ic ici [ ror v\ it suer 
F dorb\gn\ana Wiesner h fijtcnsts Cushman 1 ucullata Chapman and 
Parr F ( ? ) tnauncensiK Howe and Roberts s hhchti \ Silvesln 

r btconua A Silvestn F obtusa Lgger I agena irntnc mi V Silvestn 
/ lateralis Cushman I margmata (Wallei mid Boys) \ ir armata 
Sidehottom / war^inato (Walker and Boys) vir mar fuilat ri/r? J Wright 
L tnaequtl iterahs \\ right vnr w minarqmat i SuIlIk tt in 1 millcttu 
Chaster L elcocktana Millett (Plate VII figs 10 11 ) / mvagmata 
Sidebottom L trregularts Sidebottom L rentfornu Sidelxttom and its 
variety sptntgera Sidebottom and L unguu Heron Mien and Earland 
Reference to Sidebottom s papers on the Lagenae of the South West Pacific 
(1912 1913) will show that he figured a number of rthcr hooded forms 
but identified them with previously described species in which the aperture 
is typically fissunne These hooded forms require describing a* new species 

To sum up the conclusions so far reached the writer recognizes Lagena 
Oohna and Ftssunna as valid genera Entosolema is regarded as a synonym 
of Oohna, and EUtpsolagena of Funirwa A new genus Parafissurtna is 
erected for the reception of the hooded lagemd species hitherto referred to 
EUtpsolagena 
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The BeletioBflhlpe of the Genera 

The earliest true lagenid forarainifera appear in the Jurassic, in Which 
they are of comparatively rare occurrence. From the Lias of Gertnarty, 
Franke (1936) has recorded a number of species under the names of 
Lagena vulgaris Will., L. ghbosa Walker, L. stutseri Franke, L. clavata 
d'Orb., L. ovata (Terquem), L. urnula Franke, L. mucronata Terq. and 
Berthelin, L. oxystoma Reuss, and L. tenuicosta to Franke. Terquem and 
Berthelin (1875) have recorded L. ovata Terq., L. acicuiaris Terq., L, simplex 
Terq., L . vulgaris Will., L. clavata Reuss, L. mucronata Terq. and Berth., 
L. hupida Reuss, L. aspera Reuss, and L. laticosta Terq. and Berth., from 
the Middle Lias of France With the exception of L* stutseri (Plate VI., 
fig. 9), which h compressed and without an apertural neck, these species 
are all forms in which the test is circular in transverse section. They include 
typical Lagenac } a number of which are of the amphorine type, and apparently 
also species of Oolina, although it is not stated that an internal tube has 
been recognized in any of the specimens. Undoubted Oolinae are, however, 
known to occur in the Jurassic, as Haeusler (1887, p. 181) records and 
figures under the name of Lagena globosa Montagu specimens showing the 
internal tube from the Upper Lias of Switzerland. 

The presence of true Pissurinae in the Jurassic is not so well established, 
as, while Lagena itnlzen Franke and L. compressula Giimbel (Plate VI.,' 
fig. 10) have the external characters of Fissurina, no statement of the 
existence of an internal tube in these species has been made. When we 
come to the Lower Cretaceous, tlve species of lagenid fnraminifera are in 
general form much like those from the Jurassic, although more varied. 
Haeusler (1887, pi. 4, fig 53) has figured under the name of Lagena 
marginata Montagu a compressed, carinate form from the Neocomian of 
Switzerland which in external features is a typical species of Fissurina. 
Chapman (1893, pi. 8, figs. 1-16), in his work on the Gault of Folkestone, 
figures from the Albian a number of species which include true Lagenae, 
as well as what may be forms of Ooltna and Fissurina (recorded as Lagena 
marginata Walker and Boys). The internal characters of these species 
are not however de.scrilied, and it is not until the Upper Cretaceous that 
one finds undoubted Fissnrtnae of similar types to those which are so common 
in Tertiary and Recent deposits. As has already been stated in the notes 
on Parafissurtna, this genus makes its appearance in the Eocene All four 
genera occur in many forms in the Tertiary and have a world-wide 
distribution in Recent seas in which they reach their greatest development. 
In the Tertiary of Victoria they are exceptionally well represented, over 
one hundred species occurring at one locality, Balcombe Bay, in 1>eds of 
Miocene age. 

From the evidence available, there can be no doubt that Lagena and 
OoUna both appear at least as far back as the Lias and that forms with 
the external characters of Fissurina are also present in the early Jurassic. 
It also appears probably that Fissurina came from Oolina in the Jurassic 
by the compression of the test and the consequent development of an aperture 
adapted to the requirements of a test of this shape. For reasons which 
are given in the notes on Parafissurina, it is considered that the hooded 
lagenid forms were derived from Fissurina and that they have no relationship 
to the Pleu rostomellidae. It is however more difficult to demonstrate 
satisfactorily the relationship between these entosolenian genera and Lagena. 
There is some evidence which may indicate that the entosolenian forms 
belong to the same family as Lagena. In several genera of the Nodosariidae 
and also of the Polymorphinidae, multicamerate forms occur which have 
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(Moped the internet tube. Brady (1884, p. 443) records its presence 
in Recent species which he identifies is Nodosaria calomorpha Reuse, 
Pdymorphina angusta Egger, end P. lanceolate Reuss, and the writer has 
iho observed an internal tube in the genera Glandultna and Sigtnomorphina. 
There are also the peculiar minute forms with a fissurine aperture and 
entosolenian tube described under the names of Frondtculana translucens 
Heron-Alien and Earland, Lingulina a r mat a Sidebottom, L . carinata 
d'Orbigny, var. biloculi J. Wright, L. falcata Heron-Alien and Earland, 
(L. quadrata Heron-Allen and Earland, and L. translucida Heron-Allen and 
Earland. A slit-like aperture, resembling that of Ftssurina, but without the 
internal tube, is found in typical species of Lingulina, in Gonatosphaero, 
and in an undeseril>ed Victorian early Tertiary species otherwise like 
Globulina, and Dr. M. F Glaossner has a species from the Pliocene of 
Papua resembling in form Guttuluia but with a slit-like aperture. 

It might 1* suggested that none of these species or genera belongs to 
the Nodosariidae or the Polymorphmidae, although, on their general form, 
it would be difficult to place them elsewhere. On the other hand, structures 
comparable with the fissurine apertures and the internal tube are not known 
in any other family of the foraminifera. It is true that in some species 
of Siphogenerina there is an internal tube, but this is of a different type 
from that seen in the entosolenian forms under discussion, being much 
wider and extending from the top to the bottom of each chamber, while 
the short phialine apertural neck of this genus is unlike any aperture found 
in the Nodosariidae or the Polymorphinidae 

As apertural characters of the types found in Lagena, Oolina, and 
Ftssurina all occur in species of the multicamerate genera of the Nodosariidae, 
there can l>e little doubt of the relationship of Oolina and Ftssurina, and 
also Parafissnrina, to Lagena and to the polythalamous Nodosariidae. 

Whether the lagenid genera should be regarded as end forms derived 
from the multilucular genera of the Nodosariidae now needs to be considered. 
While it has heen slated by authors that the lageniform foraminifera arc 
end forms developed from polythalamous genera, there is, in the writer’s 
view, nothing to support this. If this were correct, one would expect that, 
among the hundreds of species of lagenid foraminifera, microspheric 
examples would have occurred showing more than one chamber. No one 
has, however, to the writer’s knowledge, ever recorded a microspheric 
specimen of any of these species. It might be suggested that they have 
been found and referred to one of the multilocular genera, but this is 
unlikely as the external characters of most species of the lagenid genera 
are sufficiently distinct to enable the microspheric form, even if multilocular, 
to be associated with the megalospheric form. There is, of course, the 
possibility that, as in some other genera of the foraminifera, microspheric 
forms apparently do not occur in the lagenid foraminifera. However, 
in the absence of microspheric multilocular specimens, there is no direct 
evidence that these single-chambered forms were derived from multilocular 
forms, the view that the latter were ancestral to the former being based 
on apparent similarities in form, ornament, and apertural characters. The 
writer considers it more likely that the lagenid foraminifera, while 
undoubtedly closely related to the polythalamous genera of the Nodosariidae 
and the Polymorphinidae, have not evolved from them, but had a single- 
chambered ancestor. What tins ancestor was is unknown but it may have 
heen either a chitinous form or, perhaps, the Palaeozoic genus Archaelagena 
Howchin, which in many respects is close to Lagena . Whether the multi- 
locular Nodosariidae were derived from lagena, Oolina, and Fissnrina, or 
cone directly from the same ancestor as these genera cannot be Btated in 
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our existing state of knowledge. Although well-developed multilocukr 
genera of the Nodosariidae occur in the Permian, there does nee appear 
to be any satisfactory record of Lagena , OoHna, or Pisiurina from the 
Palaeozoic. Archaelagtna is known from the Carboniferous, and Chapman 
(1900) has recorded from the Upper Cambrian of England under die 
name of Lagtna a single-chambered foratninifer the wall structure of whkh 
is uncertain , but which is possibly chitinous. 

The exact relationship of the lagenid foraminifera to the polyth&Iamoui 
Nodosariidae is therefore uncertain, but the high degree of ornamentation 
found in the older genera, particularly Oolina and Fissurina, which is in 
advance of anything seen in tne multilocular forms, as well a9 the specialized 
apertures, best developed in Fissunna and Parafissurina, indicate a different 
line of development. It is accordingly suggested that the four genera which 
liave been described should be grouped in a separate family, the Lagenidae, 
and that the family Nodosariidae should comprise only those polythalamous 
forms which have hitherto formed only part of this family. The super¬ 
family Lagenidea recently proposed by Glaessner (1945, p. 126) will then 
embrace those two families and the Pulymorphinidae. A description of the 
Lagenidae, with a key to the genera of the family, follows *.— 

Family Lagenidae.—Test calcareous, perforate, consisting of a single 
rminded or compressed chamber with or without an apertural 
neck; aperture terminal or sub-terminal, variously formed, 
rounded, stellate, radiate, elliptical, slit-like, or an arched opening 
directed to one side under an overhanging hood. 


Key to Family Lagenidae, 


I Test with terminal aperture— 

A. With apertural neck ami without entosolcnian tube .. 

B With cntosolenian tube and without or with apertural 
neck— 


(1) Test circular in transverse section 

(2) Test compressed 

II. Test with Sub-tcrmmal aperture and cntosolenian lube 


Lagcna. 


Oolina . 

risswina. 

Farofiisurina. 


In conclusion, the writer realizes that the genera he has recognized 
could justifiably be subdivided into a larger mini! er of genera Mr Earland 
lias pointed out to me that the double wall seen in some species, e.g., 
Wiesner’s Lagena texta , Brady's L . hertu'tywna, and Heron-Allen and 
Earland’s L. scotti; the marginal tubes in species such as Williamson’s 
Entosolcma lagenoidcs and E. tnargimta var. ornaia , and Schwager's Lagena 
fortnoso; and the development ot horizontal tubules on the surface, as in 
Parker and Jones' L. radiato-rnarginata, are all much more radical differences 
from the presumably original form, a simple globose test, than the differences 
on which Oolina , Lagcna . Fissurina and Parafissnrina are separated. The 
purpose of these notes has, however, been to deal with the status, and more 
particularly, the relationships of known genera, leaving the description of 
new genera to other workers. 
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of over 1,000 specimens of these forms selected by him from the ruaten&l 
he has examined during work on the forannmfcra extending over a period 
of nearly sixty years Mr Larland has also kindly sent another slide of 
gpeamena from the South West Pacific mounted by the late Mr W 
Blundell Ihornhill whose main collection of these forms from the same 
area was described by Henry Sidebottom m the Journal of the Quekett 
Microscopical Gub for 1912 and 1913 
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Bxpl&nailon of the Plate*. 

Flaw VI 

PlO ] — Lsgsna tmint* (Walker and Jacob) Genotype of Lagm*. After type figure 
Flo 2 - Leflcttc Imnu (Montagu) After fonuatm 1890 

Fra 3— Lag** w gracilis (Coata) Genotype of AmfikoHnu After type figure 

Fio 4 OoUna ghboia (Montigu) Section of iprcimen showing bifurcated tubulin extension «f 

aperture After Brady 1BB4 

fio 5 —Ochna laevigata d Orbigny (icnotyir of Qohna After Heron Alien tnd Eartand 1932 
lio 6- Oofiw roUtru (Ctuhman) After Cuahnun 1911 
lio 7— Ookna hjMtns (Ktuui) After A Silvestri 1912 

ho 6 a a —bissurxna laetigeta Rruu Gen type of /*i«niri«<j \ftcr lypt figure* 

fro 9a c—/ inunna ttnlreri (franke) Aftci lype Routes 

fio 10a l —htsnrtna com Mm la iGumbih After tyj c tigur*.* 

Fio 11a ■ — f urunna rad at< margin a ta (Pirker and 1(md After Brody 1884 

fio 12a a funrha orbign\ana Setun r i After tyjr 

fio 13fc a—hum ring prbtmnani Segurn* i rriRonil f rm — I aprna trfjjn ffrht /nyana B'llkwitl 
•uul Mi licit 1884 After Hi Ik*, 11 ini Millrlt 

fifl 14a a Intnrma <#rta (Hidt) After ty| r figure* 
fra 15— Fusunna lagmoidct ( William**i 1 After WilIiam«ot 

Ilf 16a a— /'i iranno oblong I (Scgirn/il ( enoljpe of (rig » i I nc After l>je figure* 


PLATh V 11 

Tio la t—Fiijwnao eynbuh (Her i Alltn md firlaid) Aflei type flgnna 
fir 2 —I tuurtna tesla (Wiemer) \fter f irlanil 1014 

F to 1 '-Fuiuntio staphyilcana (Brily* n Sth wager) Section through *| ccimcn * how mg transition 

to ^arafiimnnn O igiml Kinnt Kerguelen 20 JO metre* 

fia 4 a B —Parafssurtma manricm j fll one and Wjllacr) Aftir ype figure* 

1 to 5a a — Fusarma amtiinmi (foinasmt) Gcnoty|e ot I Utpsolagna After Forna*ini 1890 

fio 6a c — Parafistur n i schhcl fr (A S liLiim After tyje figure a 

fio 7a C —Parafiiiarmo iruugtnlal nl j (J Wright) After typt hgurc* 

IK 8a c —Farapstuirtta bn mica (A SiUmtri) Aflu ty| e fig ire<» 
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1 10 10A i 11 —Pirafiuur na elation OlilkU) Allti Ijjc figuie*- 
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Abt XI —A 200 KV Neutron Generator 


By L H MARTIN, R D HILL & J DARBY 

(Phynca Department University of Melbourne ) 

[Read 13th December 1945 ] 

Abstracts 

A brief account is given of a 200 KV Neutron Generator which can be readily 
constructed from materials available in an Australian laboratory The ion source is 
a deuterium glow discharge of the Oliphant type The equivalent activity of the 
generator is approximately 3 curies Rn - Re 

Introduction 

The simplest neutron source c nsists of i sided tulx- untaining 
beryllium powder mixed with radon Histoncally this was the first type 
of neutron source used 

Although intense source can tie obtained by tins method thev suffer 
from the defects of decay with a half life ot 3 8 days (the half life of 
Rn) and of an intense gamma ray hackgiound from the i ulon decay products 

Artificial sources of neutrons lnve l>een developed using nuclear 
disintegrations in which neutrons arc one of the products ihese sources 
have the advantage of Ivting constantly available uicl be mis of neutrons 
ian lie obtained with intensities tar exceeding those available from natural 
radioactive soiuces 

The practicability of obtaining intense neutron soiuces from low voltage 
iccetcration apparatus (is distinct fiuni the cyclotron and the high voltage 
van <le (jraaff apparatus) w is dcm< listrated In Oliphmt md Rutherfoid (1) 

Neutrons were obtained from the D-D reactun in which accelerated 
dcuterons disintegrate deuterium to pioduce helium ct mass 3 and neutrons 
le + n 

lhe efficiency of this reaction is comparatively lugli at low bombarding 
energies and the neutrons have approximately he mogeneous energies in 
tl e region of 2 2 million electron volts 

lhe yield of neutrons in the above reaction is a function of the energy 
cf the liombarding ions and their number In high voltage generators 
such as the Van de Graaff machine the ion current is quite small usually 
of the order of 10 micro ampeicjj In low voltage generators such as 
that described in this paper the use of Urge ion cunents offsets the low 
cncigv of the ions T< this end special attention lias been directed to the 
design of the ion source and several different sources have been described 
Some of the more icccnt devtlopn ents in neutron generator design are 
referred to in references (2) (3) (4) (5) 

AcCti ravnoN Iobl 

Originally it was intended that 200 k V should be applied across a 
single gap as in the Philips neutre n generate r but it was found that 
continuous operation could not he attained almve about 150 KV The 
failure to withstand the full potential was associated wc believe with 
secondary electron einis ion and attempts to limit this by tht development 
of a well focussed ion beam and hv its careful alignment were not completely 
successful Accordingly the accelerating tube was divided into two sections, 
each built to withstand 100 K V and reliable operation at the full potential 
resulted immediately Stable functioning of the tul* at full potential was 
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effected also by using very high resistances (c. 10 megohm) in the leads to 
the tube electrodes The purjjose of these resistances is no doubt to limit 
the growth of a discharge which might be initiated by a small burst of gaa 
in the tube 

The potential of the target is determined partly by the purpose for 
which the generator is required. If the neutron detecting apparatus can 
l>e taken to a safe electrical distance from the generator, and if the source 
is of sufficient intensity, the target ma> be worked at high (negative) 
potentials On the other hand, if the disintegration products are to be 
observed close to the target, or if the most intense source is required, it 
may be essential to earth the target. 

In our gene rami we have favouted the simpler arrangement of an 
earthed source and high potential target. This has the constructional 
edvantagts that the powei supply and liquid cooling for the source do not 
rcfpuie high potential insulation or motor generators operating at high 
|>otcntials 11m ai r.uigiinent also has the advantage that the accelerating 
tulie can Ik* built upwaids towards the high potential electrode and in our 
generatoi the laiget was aii.mged in ho at a convenient height for counter 
and cloud chamber i sqierimcnts 

'llu* coiistiiulion nl the au derating tube niav be seen from Fig. 1. 
'Ihe outer envelope is foinicd by two glass cylinders which are joined 
together by a steel rniE> K. the joint l>cmg made vacuum tight by Apiezon Q 
sealing compound Mhe nng K also holds the central electrode system and 
is connected to the 100 K.V r terminal of the high potential supply. The 
first gap E is basical I v a plane electrode system. This form, after extensive 
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testa, has proved the most satisfactory as far as stability against breakdown 
is concerned It has been found that breakdown is due primarily to electrons 
which are dislodged at the upper electrode by the periphery of the ion beam 
Ihe electrode system shown in tig 1 with the slightly curved upper electrode 
has the properly of directing these electrons 1 atk into the region of tht 
canal K ana thus prevents them pioducmg ionization in the main body ot 
the discharge tube 

It might be imagined that this electron emission could be reduced by 
increasing the aperture of the upper electrode in this gap There is a 
limit however to the size of this aperture since the electrostatic field 
is strongly defocussing for positue ions in this region 

As a result of electrolytic tank experiments we tried cup shaped 
lower electrodes in this gap Although a cup etectr >de was designed with 
excellent focussing properties it was inferior to the plane electrode system 
in regard to breakdown Ihe electric field while satisfactory for focussing 
positive ions allowed electrons from the upper electrode to escape into 
the tube 

A lead shield L about 3 mm thick surrounds the first gap and reduces 
to a tolerable dosage the 100 K V X rays produced by electrons emitted 
at the upper electrode This shield also protects the middle glass metal 
joint from direct bombardment by lens scattered from the ion oeam A 
similar shield O is provided for the upper glass metil j< int Ihe middle 
shield also effectively limits the range of secondaiy electrons 

In the second acceptation gap 1 the upper electrode has an aperture 
of gieatei diameter than the U wei electrode Ihe defocussing effect of 
this system is less seruus than it would be in the first gap since the ions 
aie already moving with a high speed 

The target X co lsists of a very thin layer of heavy paraffin wax 
melted t n the underside of a ground c ppei plate It is cot led by a 
mixture of dry ice in alcohol placed in a dewai vessel V on the upper 
ide of the copper plate The cooling mixture nec Is t lx renewed ib ut 
every half hour l he whole target assembly is enclosed m a rounded 
metal shield N 

The height of the target above the floor of the room is approximately 
3 ft 6 in This is a most convenient height for manipulating specimens 
and counter equipment around the target and is particularly suited to 
experiments with the expansion chamber where neutrons are requued 
to travel se the chamber horizontally 

Him POTKNTIAI SlTPILY 

fhe rectifying circuit for the 200 X V generator is shown m Fig 2 
Although the un_uit is more complicated than is required merely to supply 
a potential of 200 K V it was chosen because it provides a mid point ot 
potential The complication arises from the fact that the tank of the high 
tension transformer T, must be insulated from earth for 100 KV In 
the case of a two stage accelerating tube such as that described above the 
ion currents in each section are of different orders of magnitude and it 
is pieicrable to suppl) each section dnectlv from a sepaiatc condenser 
lather than from a potential divider 

Ihe high pctential supply was constructed from ™ old Greinacher 
_t 100 XV X ray plant In order to provide the transformer l a with the 
100 K V insulation a second transformer T t was used to excite it 
Transformer T t was a discarded high tension transformer which was rewound 
-with a 1/1 secondary winding and the insulation improved to withstand 
10896/45 — 9 
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100 K V The H T transformer T g was stood on 100 K V insulators and 
excited by the secondary of T, The filament transformer for the rectifier 
V, was also excited in the same way bv a rebuilt 1/1 transformer insulated 
for 100 KV 



200KVCmw3 
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A stabilizing water load was placed directly across the output terminals 
of the supply lhe load was constructed from two coils of 3 mm diameter 
(inner) glass tubing each coil of about 25 feet length and with ordinary 
tap water flowing continuously it had a resistance of about 200 megohm 

The ion currents flowing through the accelerating tube were measured 
by electrostatic voltmeters shunted with high resistances since it was found 
that ordinal y moving coil meters were too liable to damage when a sudden 
breakdown occurrt l in tl t lul e 

All umponents of the high tension supply as well as the ion source 
supply were contained in i fl or space of ab( ut 12 feet square and in a 
room 12 feet high The li stance allowed between high voltage components 
and from surrounding objects wa* approximately li inches per 10 KV 

Ion Sotjrcf 

Two types of ion source have been developed for use with neutron 
generators namely the glow discharge source and the low voltage arc 
Bource The relative merits of these sources have been discussed b) 
Craggs(2) Although it is likely that the low voltage arc source can provide 
an ion yield which exceeds that obtainable from the glow discharge source 
theie is little doubt that the latter is simpler to operate and maintain than the 
low voltage arc and it was this feature that led us to employ the glow 
discharge source 

The construction of the ion source is sh)wn m the main drawing of 
big 1 It consists of two closed concentnc cylinders A and C the former 
liemg maintained at a positive potential between 20 and 35 KV and the 
latter at earth potential The insulation of the anode A is provided by 
the glass cylinder G which was constructed in the following manner Two 
metal to glass seals were cut from a discarded Philips 2(f) K V Metalix 
X ray tube and the glass sections were then joined together in a glass 
lathe The seals have proved to be mechanically robust but must be 
protected from the gas discharge by a copper sleeve at M The device of 
placing the inflation for the anode A within the cylinder C has conserved 
a considerable amount of length in the generator Further length has also 
been conserved by providing the lead from terminal T to the anode A with 
oil and solid insulation In this way 35 K V to the anode can be handled 
to within 2 or 3 inches from the base on which the generator is mounted 




A 200 K V Neutron Generator 


139 


In order that localized discharges will not bvuld up between the walls 
of the cylinders A and C it is necessary to maintain the cylinders concentric 
with a separation of about 3 mm The discharge is only strongly maintained 
between the anode block A and the cathode hole K Jhc diaphragm D 
suggested by Craggs has been used as an electrostatic kns to concentrate 
the discharge on the canal K Ihe anode runs hot under the intense 
electron bombardment from the discharge and solder seals are kept cool 
by a constant flow of water W behind the anode block The supply of 
water comes from the mains through a coil of glass tubing to the inlet and 
outlet tubes on the terminal I Ihe water resistance has a value of about 
60 megohms The gas for the discharge is fed in thi ugh tulic U and flows 
upwards between the concentric cylinders Gas pressure in the disclurge 
is approximately 0 1 mm Hg 

Pan v ration oi Dturf mi sr 

Deuterium is prepared in the apparatus shown in Fig 3 1 y the electrolysis 
of 99 6% heavy water Hie volumes of the flasks ind lonnecting 
tubes of the appmatus on the deutcimm and oxygen side respectively 
are constructed as accurately as possible in the ratio 2 1 The electrolyte 

is prepared by dissolving 0 8 gm of sodium peroxide in 20 cc of heavy 
water and driving off all the oxygen liberated by gentle heating under 
reduced pressuie After evTCuating the appTratus through eitl u tap A or B 
the electrolyte is introduced through the side tube (_ which is then sealed 
In order to prevent excessive bubbling it ihe stut when the gis pussure 
is low the current should be limited to aliout 50 mA At highci pressures 
however higher currents can be employed A current of about 0 5 amp is 
normally used and the heat which is generated is dissipated m i bath of 
ice water Because of the 2 1 ratio mentioned above the piessure on each 

side builds up at appioximately the same rate and when atmospheric 
pressure is reached the oxygen bubbles off through the mctcui) manometer 
the deuterium being pumped off to the ion source through a needle valve D 
The current can lie adjusted so that fot a partial hi consumption of 
deuterium the pressure in the generator remains constant If the deuterium 
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is generated too quickly the electrolyte is pushed below the level of the 
cathode and electrolysis automatically stops. The volume of the flask and 
connecting tubes on the deuterium side is about 425 cc. and it takes three 
hours to fill this at atmospheric pressure. 


Ion Source Characteristics. 

Some typical characteristics of the ion source are shown in Table I, 
from which it appears that the ion yield increases with increasing potential 
on the discharge and is a maximum for an optimum gas pressure in the 
discharge tul>e. 
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Some cn ploratory work has been done on finding the best size of 
(he canal K. It has licen found that the ion current issuing from the 
canal into the accelerating tube increases with increasing size of hole. 
l 7 or instance, the data of Table I. were obtained with a canal 1 mm. in 
diameter and 4 mm lung; whereas with a hole 1*5 mm. diameter and 6 mm. 
long the yield at 30 KV and the optimum pressure was 230/iA The 
geometrical divergence of the canal is the same in Wh case» The maximum 
canal diameter is, of course, determined by the relationship of the pressures 
in the discharge and accelerating tubes to the speed of the pumping system. 
For example, with a canal 2 mm. wide and 3 mm. long it was very difficult 
to control the discharge pressure at the optimum value, and the pressure in 
the accelerating tulie was also too great to withstand 200 K.V. continuously. 

Up to the present we have had no opportunity of testing Ihe effect 
of the si/e of the hole in the diaphragm D on the ion yield. The 
measurements above have been obtained with a 13 mm. diameter hole 
spaced 3 to 4 mm. from the cathode, as recommended by Craggs. 

Pumping System. 

As has already been mentioned, the ultimate yield of the generator is 
intimately connected with the size of the canal and therefore with the 
amount of gas which issues from the canal Thus the pumping speed 
should be as large as possible. Further, in order that the full potential can 
1>c applied to the accelerating tube the mean free paths of ions and electrons 
in the gas of the tube must lie long compared with the dimensions of 
the tube. 

For a canal of 1mm. diameter and 4 mm. length the flow of hydrogen 
at a pressure of 10“ l mm. Hg. is approximately 90 litres per sec. The speed 
of pumping required at the first acceleration gap must therefore lie of the 
order 100 litres per sec. at a pressure of from 1(F* to 10^ mm. Hg. 
At these pressures the mean free path nf a hydrogen molecule is from 
1-3 to 13 metres. 
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We have used an oil diffusion pump having a speed of 300 to 500 
htreB per sec at the pressures 10 * to 10 5 mm Hg to exhaust the 
accelerating tube Some trouble was experienced initially by having the 
pump too close to the accelerating tulie as oil vapour enteied the tube and 
the ionized products of the oil ltd ti gaseous 1 rcakduwn A length of 
water cooled wide diameter pipe with three right ingle bends was then 
added to condense the oil before it entered the thamber With this 
connection the pumping speed was somewhat reduced but it remained in 
excess of 100 litres per sec 

The oil diffusion pump w is backed by a booster which could i perate 
at a pressure of as high as 10 1 mm Hg and this in turn by a Megavac 

Neutron Yieid 

Typical measurements of tlu generator characteristics are shown in 
1 able II 


Tabif IT—AtuimAiiNr Tibf Characteristics 
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It will be noticed that the ratio of the target current to the current m 
the first gap increases with potential dut no doubt to improved focussing 
as the speed t f ll t pai hilts nxrc'ws I he cimcnt to the taigtt is seventy 
per cent of the ion current in the first gap indicating that the focussing 
of the ion beam is very satisfactory 

The intensity appears O be compil'd II with that obtained by other 
workers At 200 k V the yield per 100 micro amps is approximately 
600 nullumies 

Undei best working conditu ns our neutron generatoi is equivalent 
to 3 curus of Un Be 
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XII .—The Thermal Conducthity of Carbon Dioxide between 78-50°f. 
and 100°C. 

By W. G. KANNULUIK, D Sc , F.Inst P„ and V. G. LAW, M.Sc., A.Inst.P. 

1 (Physics Department, University of Melbourne.) 

1 [Read 13th December, 1945.] 

According to the kinetic theory, the thermal conductivity of a gas should 
increase with the temperature. Although this prediction is generally con¬ 
firmed by experiment, it is impossible to deduce from the existing experi¬ 
mental data any more specific conclusions. According to Loeb (Kinetic 
'Iheory of Gases, p. 251) *' the results of the many experiments are none 
the less quite discordant and little can be deduced from them.” On the 
other hand, the absolute values at 0°(\ of the conductivities of some of the 
commoner gases are known with reasonable accuracy, and so it can be 
concluded that experimental procedures which leatl to tolerably accurate 
values of the conductivity at 0°C aie either inapplicable or unsuited to 
investigations earned out at oilier temperatures In the present paper an 
account will be given of some preliminaty experiments undertaken to 
investigate the temperature variation of the conductivity of carbon dioxide 
gas. The method used is one that was developed twelve yeats ago, and was 
applied success fully to determine the conductivity of a nuinl«cr of gases at 
0 C 'C <I) . In those experiment's a hot wire method was used in which the 
wire was relatively shoit and thick, instead of long and line as in the older 
traditional forms of the hot wire method It would seem that the short 
thick wire offers gieater prospects of success in a rather difficult field of 
investigation. 

A short account of the two types of hot wire experiment will first be 
given. In all hot wore experiments a metal wire, which is heated by passing 
an electric current through it, is mounted axially in a glass or metal tube 
which contains the gas under investigation and which is immersed in a 
constant temperature bath The wne serves both as a resistance Lhciniometer 
and as a heater of the gas in the tube. The average rise in temperature of 
ihc wire on passing a given an rent through it will depend on the con¬ 
ductivity of the gas surrounding the wire. The hot wire method depends on 
this fact, hut carries with it the obligation of completely eliminating convec¬ 
tion currents in the gas This problem was studied experimentally by 
Sophus Wehcr (a) and it is now possible to design and set up an apparatus 
in such a way that convection cm rents are completely absent. Three condi¬ 
tions which must be satisfied are (1) that the tube l>e mounted vertically, 
(2) that it is not too wude, and (3) that the tcniperatuie difference lxrtween 
the wire and the lube lie kept small. 

A difficulty which is met with to a greater or less extent in all hot wire 
experiments has its origin in the existence of a discontinuity of temperature 
ai any solid-gas interface. The steeper the temperature gradient near the 
surface, the greater the temperature discontinuity or drop. r lhe prevalent 
use of fine wires greatly aggravates the difficulty, the temperature gradient 
at the surface being much steeper for thin than for thick wires. The 
magnitude of the temperature drop increases with the mean free path of the 
molecules, i.e., with decreasing pressure of the gas. By making use of this 
fact it is possible to correct a set of values of the conductivity obtained at 
different pressures for the effect of the temperature drop. 
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The different kinds of hot wire apparatus being always symmetrically 
constructed, the distribution of the temperature along die wire is also 
symmetrical with respect to the two ends of the wire When the wire is 
sufficiently long and fine the graph of the temperature along the wire is 
shaped very like a top hat 1 e, there is a central portion of the wire along 
which the temperature is constant The length of this portion is relatively 
greater the longer the wire is and the smaller its diameter As there is no 
temperature gradient anywhere in this part ol the wire all the Joule heat 
developed in it by the electric current must be carried away laterally from 
the surface of the wire by conduction through the gas and by radiation 
(assuming of course convection is absent) If the wire is uniform and 
has a truly circular cross section and if it be mounted dong the axis of a 
truly cylindrical tube the flow of heat by conduction through the gas from 
the portion of wire at constant temperatuie is radial and takes place between 
toncentric cylindrical surfaces dchned by the wire surf ice mid the inner 
surf act of the tube If this particular portion c f the wire can be isolated 
so that the measurements are made with respect to it and not the whole 
wire the theory of the experiment takes on a veiy simple character 

The isolation can be effected in either of two ways In one of these 
due to Schleiermacher (1888) w the central pi rtion is tipped by intro¬ 
ducing two potential leads of very fine wire through the wall of the lube 
and attaching them to the wire at appropriate points In the other devised 
In Goldschmidt (I911)< 4) two tubes arc employed which ire identical m 
c 11 respects except that one is short and the other long J he wire m the 
shorter tube plays a simdar role to that of the compensating leads of the 
platinum thermometer The difference in the electrical resistance of the 
long and short tube will give the resistance cf the central portion of the 
wire from which the flow of heat is ndial 

Let h he called the external conductivity defined as the loss of heat 
per second from unit area of the wire surface per degree difference of 
temperitun hetween the wire and the tulie then if 1 be the length of 
the central prrtion md b the radius of the wire the rate at which heat is 
1 >st from the surface is 

2,blh (t, — t a ) 

where t is the temperatute of the wire obtaircd indirectly from resistance 
ireasuiunents and U is that of the tube The rate at which Joule heat ta 
developed in the part of the wire under consideration is RI a /J where R ohm 
is its resistance when the cuncnt is 1 ampere Since no heat is conducted 
along the wire it follows that 

2xblh ( tl — t.) -RI>/J (1) 

where J — 4 18 joule/cal 

All the quantities in this equation are either known or tan be measured 
except h which can therefore be determined If the loss of heat from the 
wire by radiation is inappreciable cornered with the loss by conduction the 
thermal conductivity k of the gas can be obtmned by multiplying h by a 
certain form factor the value of which is determined by the fact that 
the flow of heat is radial and takes place between concentric cylindrical 
surfaces The appropriate form factor can be shown to be b log, a/b, a 
being the inner radius of the tube and b the radius of the wire Accordingly 
we write k — h b log, a/b (2) 
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The type of hot wire experiment just described has a number of 
unfavourable features Whichever of the two methods is used for isolating 
the constant temperature part of the wire, an inconveniently long apparatus 
results For this reason such an apparatus is unsuitable when measurements 
of the conductivity over a range of temperature are required The diameters 
of the hot wires used are quite small (usually a few thousandths of an inch 
only) and cannot lie determined as accurately as those of thick wires In 
some investigations merely an average diameter of the wire is obtained by 
weighing in air and in water a known long length of the wire used As the 
temperature gradient at the surface of such fine wires is very great, the 
wire should be uniform and accurately circular m section These are 
lequirements whuh can be verified only by contact measurements 

The above type of hot wire experiment was devised before modern high 
vacuum technique was developed lhe use of the short thick hot wire is 
made to depend upon the fact that, when a sufficiently high vacuum i& 
produced in the tube all the Joule heat generated by the electric current is 
conducted » ut t f the ends of the wire and none is lost laterally except a 
very small amount by radiation which can be allowed for by calculation 
Thus an experiment performed when the tube is highly evacuated leads to 
a determination f the thermal conductivity of the wire itself It is clear 
that in this kind of hot wire experiment when the tuln. contains a gas some 
heat is conducted along the wne and some is also lost laterally The theory 
is necessarily less simple but the g uns on the experimental side are so great 
as to more than compensate for its use 

The following simplified account of the tl cory is sufficient to illustrate 
the principles of the method I 01 calculating the conductivity it is however 
necessary to use the more accurate theory guen in the Appendix to this 
paper 

1 or a short thick wire of radius b mounted axially in a tube maintained 
(say) at 0°C the distribution of temperature along the wire can be shown 
to be very nearly jnnboht Acu rdingly if the centre of the wire (length 
21) be taken is origin the temper iture at any point on t distant x from 
the centre will hi gnen by t „ c (j*_ x *) ( 3 ) 

c being a constant (see fig 1) 



Fig 1 
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Clearly the temperature has a maximum value of cl* at the middle and 
it is zero at both end*. 

The mean temperature of the wire can easily be shown to 1>e. t — 2cI s /3. 


H f} 


c<l* — x*) dx = 2cl*/3 


The temperature gradient at any point in the wire is, by (3) : 

dt - 
r- =» — 2ox 
dx 


At either end the gradient is therefore: 




aci - - ^ 


The rate at which heat is conducted out of the wire at the two ends is- 


=i 


6Aw 1>* t 


x-+l 

X being the thermal conductivity of the wire, and A ** *b 2 its cross-section 

The rate at which heat is lost from the surface of the wite is- 
2irb . 21 . t . h -- 4 frb 1 h t 
where h is the external conductivity. 

The rate at which heat is generated in the wire by the electric current 
is EP/J where R is the resistance of the wire when the current is I ampere 
The sum of the heat lost per second by internal conduction and by external 
conduction must equal the joule heat produced per second by the current. 
Accordingly we have • 


6 A nb* 

r~ 


UI B 

t + 4ir 1 b h t = -j- 


(4) 


If a be the temperature coefficient of the resistance, then for a small rise 
of temperature: 

s:-R.(i+.t) 

where R, is the resistance of the wire at 0°C Solving fot t wc obtain: 

t- b-b, 

B»a 

and substitution of this value of I in (4) gives: 

8Awl* (B-R,) 4irbhl (R-R,) _ BP 
R,al ^ R*a J 

Ji = B,5P> __ 3A 

^ = 4(I-R,)wb*Jl 2P 


or 


( 5 ) 
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For the special case in which there is a high vacuum in the tube we may 
put h — 0 in (5) and so obtain Knudsen’s formula: 


1 R R t P a 1 
ti J 7T b*{it- R 0 ) 


(*) 


Knudsen proved that it was possible to measure the thermal conductivity 
of a metal accmatcly by means of (6), using a platinum wire a couple of 
centimetres in length and a few tenths of a millimetre in diameter. The 
conductivity of the wire having t>ecn determined by (6), the value of A is 
next introduced into (5), which equation may then be solved for h and 
the conductivity of the gas H obtained, as in the other method, through (2). 
The form factor l> log, a/b is an approximation as the flow of heat by 
conduction through the gas is not .strictly radial. The error introduced into 
k hy its use can be proved to 1>c less than 1 per cent. It follows that the 
accuracy with which the conductivity of a gas can be obtained by thi9 method 
depends upon the accuracy with which the conductivity of the wire is 

obtained. It wdl be noticed that if the current is kept constant the only 

quantity winch has different values in (5) and (6) is (R-R^), and that 

for a given curient (R-r 0 ) necessarily has its maximum value in (6), 

i e, under high vacuum conditions, and here optimum accuracy in its 
measurement is most desirable. 


The method described has, in the earlier work< l >, been submitted 
to searching tests, by varying ill the factors upon which the conductivity 
of a gas depends. Wires and tubes of different materials and dimensions 
have ken tried. Both platinum and copper wires were employed, and 
although the thermal conductivity of copper is six times that of platinum, 
practically identical values of the conductivity of air, as also of hydrogen 
gas, were obtained. 


Description of the Apparatus 

In order to investigate the conductivity at fixed temperatures other than 
the ice point, a small and compact conductivity apparatus is essential if 
accurate temperature control is to be achieved One form of the apparatus 
used in the earlier work at the ice point was judged suitable for measurements 
of the conductivity at the steam point (100°C\), the ice point (0°C.), the 
carbon-dioxide point (—78-50°C.) f and the oxygen point (—183°C). 
This apparatus consisted of a platinum wire 1*5 mm. in diameter mounted 
in a stainless sLeel tub* 10 cm. long, and having an internal diameter of 
12 mm Some preliminary tests made with this apparatus (which had been 
out of use for twelve years) indicated that some deterioration m the soft 
solder used in fixing the wire in the tube had occurred. It was therefore 
decided to dismantle the apparatus and rc-assenihle it using silver solder 
wherever soldering was necessary. The inntr surface of the tube was 
re-lapped and a* new copper-glass seal was made. The platinum wire was 
le-drawn using diamond dies and then carefully annealed at 950° in a 
muffle furnace. A recently-calibrated set of slip gauges was used in con¬ 
junction with micrometer screw gauges and a pair of internal jaws to 
determine the dimensions of the tube and wire, and the tube was then re¬ 
assembled. Fig 2 is a sketch of the completed apparatus. The wire is 
insulated electrically from the steel tube by means of a double glass copper 
join G in the lower copper end-cap C. The tube is closed at either end by 



Thermal Conductivity of Carbon Dioxide. 


14 7 


l thin copper end-cap, about 1 mm. thick, through the centre of which the 
wire is soldered. The side tube T is sealed to a" wider glass tube leading 
off to a vacuum pump, a simple U-tube mercury manometer, a discharge 
tube, and a tap through which gas may be introduced. The current and 
potential leads immediately above the tube were wrapped in cotton wool to 
protect them from draughts, which, particularly in steam point determina¬ 
tions, had produced fluctuations in current and poten¬ 
tial readings. 

In order to measure the thermal conductivity of a 
gas, the apparatus is pumped out through one tap and 
the pure gas is then introduced through another until 
its pressure in the apparatuus is approximately atmos¬ 
pheric pressure. The gas is later pumped off a little 
at a time in order to enable readings at various pres¬ 
sures to be taken. 

When a determination of the thermal conductivity 
A of the wire is to be made, the mercury manometer 
is removed and a tul>e containing activated charcoal 
is substituted for it. The high vacuum required is 
obtained in the usual way by immersing the charcoal 
tube in liquid air after degassing the charcoal 

Dimensions oi Tube a\d Wire at 0°C 

Mean distance between the internal faces of the 
copper end-caps (ic, effective length of the platinum 
wire) =— 103-87 mm. dt *05 mm. 

Mean internal diameter of steel tulie 
*** 12-814 mm ± -005 mm. 

Mean diameter of platinum wire 
--- 1-438 mm =h -003 mm. 

Measurement oi Electrical Quantities. 

Apart from the dimensions of the wire and the tulw, 
the other quantities icquircd arc electrical ones, viz.: 
K„, the resistance of the wire at the temperatures of 
the constant temperature hath in which the apparatus 
is immersed; a, the temperature coefficient of the 
resistance at that temperature; R, the measured resis¬ 
tance of the wire when it carrtes a steady current of 
I amperes. 

Fir.. 2. Of these, R 0 and a are electrical constants which 

are both ohtained indirectly from measurements of R. 

The quantities R and l are ohtained directly by comparing the drop 
of potential across the wire with the drop across a standard -01 nhni 
resistance by Tinsley. A five-dial Diesselhorst low-resistance potentiometer 
made by Wolff, is used to measure the potential drops. Although the 
circuit used is a very simple one, great care must be taken in setting it up 
in order to obtain electrical stability. The work is carried out in a room 
in which the temperature remains approximately constant near 20°C., the 
resistances of the coils of the potentiometer being correct at this temperature 
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It is not convenient to measure R 0 directly. Instead, a series of values 
of for different values of I is obtained (whether the tube be evacuated 
or left filled with a gas is immaterial so long as the conditions fjiside the 
tube remain the same during these readings). Corresponding values of 
1/5 and I* are then plotted upon a large sheet of graph paper. The points 
so obtained lie very accurately upon a straight line and the line is extra¬ 
polated to give 1/R 0 corresponding to I — 0. The value of R 0 actually 
adopted is obtained by calculation, rather than from the drawn graph, using 
Cauchy’s method (for which see Champion and Davy, Properties of Matter, 
p. 267). 


To obtain a, the variation of the resistance of the platinum wire with 
the temperature is determined. For platinum it is sufficient to use the two- 


constant formula: 


r — (1 + at + bt») 


between — 78*50°C. and 100°C, where r =- R,/R 1) 0 o C or the ratio of the 
resistance at t°C. to the resistance at the icc-point, and a and b are numerical 
constants. Measurements of the lesistance weie made at the ice-point, the 
steam point, and the carbon dioxide point (—78'50°C). 


The temperature coefficient a at any required temperature t is then 
given by: = (a f 2l.t) : Rt/R/C 


The following figures were obtained ■ 


— 

-7R’50°< 

I 

0 t 

ino°<‘ 

KoaJrtamr (R a ) 

•OO41707W 

(n,0°i ) ■ 00030301 

•008*0802 

a 

■00,39200 

' 

•003070'. 

•0027700 

• - *0030706 

b - - ‘000000576 


The BhoT® tBlui* of • mod b Iwwi to th« lollowlnti vain* i*t th* 8 l*nt uwl in platinum IhtriDometijf 
8 - —10* ft/(« d - 1*4*1 


Note on tiie Attainment or hie CO, Point. 

In order to make'measurements at the CO, point (—78*50°C.) it was 
required that the tube lie kept at this constant temperature for at least two 
hours. The tube is nearly 4J inches long, and is connected by current and 
potential leads to the rest of the apparatus. When the tube is placed in the 
CO, hath, heat tends to be conducted to the tube from outside along these 
leads. Moreover, heat is generated in the wire in the tube at the rate of 
approximately -07 watt, and this must be dissipated by the bath. The 
conditions are thus more exacting than is generally the case for ordinary 
thermometric work. 

A separate investigation was required to determine how a dry-ice bath 
might l>e used to give satisfactory results. An examination of the literature 
showed that other workers who had attempted to use this fixed point for 
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thermometnc work had experienced difficulty and apart from a paper by 
Zeleny and Zeleny tB \ little information of any assistance to us was discovered 

The conduction of heat to the tube along the leads was overcome by 
replacing the lead wires in the viumty of the tube by thin wide strips of 
copper which ran parallel with the tuhe and traversed 5$ inches of the liath 
before being soldered to the tube (*>od thcrnal contact between the strips 
or tube and the bath was obtained by using a wet slush of dry ice chips and 
ethyl alcohol 

The use of a Dewar flask as a receptacle for the dry ice mixture is 
not recommended It was not until its use was a band )ncd that success 
m the handling of the bath was obtained 

Ihe tube was placed ccntially m a glas*, gas c>lindtr 12 inches tall 
and 2\ inches in diamtter which stood on i inch of felt on a wooden 
stand The sides of the c>lnuler were lagged with iw > la>ers (about 
1J inches uncompiessed) ( t cc tton wi ol which als > extended alxut 2 inches 
above the top of the j ir \ single layei of jiapcr was then tied around 

the lagging lhc dr> kc w is i educed t> fin chips b> means of an ice 

grinder and thtse chips wer< mixed with ethyl alcohol in an aluminium 
saucepan until a wet hut not slopp> nuxtuu w is obtained 1 his was 
fed by spoon into the jar surtoundmg the tube ihe mixture in the jar 
was then prodded with a long thin metal rod to tnsuie that it was well 

packed down and the jar was 4 topped up with more wet ice Finally 

some alcohol was cooled with dry lee and ulded to the jar until about } inch 
of free alcohol remained above the surface of the dry ice chips 

The tube was left for at least hvi minutes at the end of which time a 
gentle bubbling of gas through the surface ilcohol could lie observed 
1 hereafter no stirring or plodding wis permitted although the originil 
level and the i inch depth of free alcthol were maintained by adding chilled 
alcohol or wet dry ice as requned 

It was found that such a mixture of dry ice and alcohci with free 
alcohol on top when lagged with sufficient cotton nod to rtduce the 
evolution of gaseous cail>on dioxide to a gentle steady l ite would maintain 
the tube at the COj point tor a period of several hours and in general 
would behave as satisfactorily as m ice water bath feu the O u C point 

It was necessary to apply a collection It allow for the hydrostatic 
piessure of the alcohol at the punt in the 1 ith where the temperature was 
being measured In this experiment the hydrostatu pressuie at the centre 
of the tube was calculated and the tunpera*uic of the hath at this depth 
was taken as the mean temperature of the tube 

DrriRMiNArioN ot A 

To determine A the ipparatus is eva uated and a high vacuum 
(<10* mm of mercury) is produced by means of charcoal and liquid 
air The values of R corresponding to a series of different values of the 
current I are obtained and the conductivity A* is calculated using formula 
(6) in the Appendix (The platinum wire is not sufficiently shoit to use 
Knudsen's simpler fnimula (6) given m the elementary theory) 
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Results. 


Temperature 

— 78'Mf 

crc. 

Ware. 

A cal. nm me - 1 <leg.- 1 

-1003 ± '0MH 

: 

•1076 ± *0002 

*1000 ± '00018 


The ralue d A at — 78 , 30°C vu confirmed by aeverul Indepeudent determinations. 


Determination of k. 

The conductivity A of the wire being known, the apparatus may then 
be immersed in a constant temperature bath and filled with the gas to be 
investigated. The current 1 is set to give a mean rise of temperature of 
the wire of 3-5 degrees. Corresponding values of R and I are then obtained 
at a series of different pressures of the gas. 

The approximate conductivity k' of the gas is found at each pressure 
of the gas by solving the equation (4) (or (5)) in the Appendix for h 
and then k' is deduced by multiplying h by the form factor b log, a/b. 

As the flow of heat is not exactly radial (4) or (5) leads to approximate 
values k' of the conductivity, but by making use of relations (9) and (8) 
of the exact theory the amount of the correction to k' can be worked out. 
This proves to be quite small, being just under 1 % over a wide range of 
conductivities. It is sufficient to reduce the conductivity k' as calculated 
from (4) for (5)) by 1% to obtain the value k corrected for the departure 
from radial flow. 


ErrECT of Temperature Discontinuity. 

On account of the temperature discontinuity at the surface of the wire 
and at the inner surface of the tube, the space factor for radial flow should 
be replaced by: 

h [ log, a/b + y (1/a (- 1/b) ] (6) 


where y is related to the temperature discontinuity A T by the equation of 
Poisson: 


JT “ 


Here dT/dn is the temperature gradient along the outward drawn normal 
and y is a length quantity which varies inversely with the pressure. 

It ha9 been found that k at 0°C is, in general, constant over a wide 
range of pressures (60-10cm. of mercury) for the monatomic and diatomic 
gases investigated by the apparatus containing the thick platinum wire (l) . 
Prom these results it is inferred that the effects of convection and of the 
temperature discontinuity are negligibly small for the range of pressures 
quoted. 

(It should be noted that the effect of redticng the pressure of the gas 
on its apparent conductivity is to decrease this if convection is present, 
and also to decrease it op account of the temperature dscontinuity. 
Consequently, if it is found that k is strictly constant over a range of 
pressures there can be no convection present and the effect of the temperature 
discontinuity is likewise negligible,) 
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The Thermal Conductivity of Carbon Dioxide 

The gas was prepared by heating pure sodium bicarbonate and dned 
b> passing through calcium chloride ana phosphorus pentoxide 

The following results were obtained — 


(•) it CO, Point Kean Temperature of Qu —76 4*0 


Fmnn 

Current 

W B, 

k x 10' ( 7 4 ( 

k I 10* ( 78 60*L ) 

(Cm of Hg ) 

(I amp ) 

(Ohm) 

( *1 cm «e lug l ) 

(ral cm m leg- 1 ) 

77 81 

3 

00010037 

2 2 6 

17 

m oi 

3 09070 

100* 2 

24 

- 1HI 

56 56 

3 09044 

1(1096 

2 1 6 

1(2 

48 fil 

8 68985 

10116 

2 132 

OHO 

as m 

3 68961 

10124 

2 1 2 

0 

St 60 

3 68903 

10137 

2 104 

- OjJ 

14 SO 

3 68664 

10160 

2 079 

028 

8 14 

3 68827 

10178 

9 060 

2 010 

1 86 

3 08819 

10207 

2 033 

1 983 

1 42 I 

3 68764 I 

102-6 

2 018 

1 049 

0 S3 

8 68724 

10247 

1 (196 

1 947 


In the but column the redial flow correction ha* been a] 1 1 ed *n 1 the oon 1 1 tl vlfcy reda «d to 76 j*C using 
a tempera tore coefficient of 007 


(6) At Ipe Point Kean Tempera tore of Oaa 2 l C 


Pressure 
(Cm fHg) 

Current 

(J «n|) 

mi 

k x 10* (2 l*C) 

(Cal pm 1 ioc 1 dog- 1 ) 

k no* (o*( ) 

(Lai om 1 mp 1 doff-*) 

87 94 

341 *0 

00010398 

1 444 

3 6 » 

20 92 

3408-7 

1039 

3 (18 

3 544 

0 43 

840725 

I040T 

3 

4 S2A 

- 35 

340594 

10417 

3 675 

3 501 

1 122 

31049^ 

10419 

3 67 

4 404 

854 

340387 

1U41J 

3 664 

4 494 

Ml 

340315 

10410 

3 564 

3 491 

394 

440238 

10431 

4 D42 

3 469 

271 

340166 

10451 

3 W4 

4 44 


In the last column the radial flow correction has been aj j lied and the cn fu tJ\ity reduced to 0*1 nail R a 
tempera tore roe IB dent of 006 


(«) At Steam Point Mean Temperature of Oaa 102 0 ( 


Pressure 
(Cm of Hg) 

Current 

(lamp) 

a - a, 

(Ohm) 

k x 10* <102*0 ) 

(Cal cm 1 *w-‘ de*-») 

k x 10* (100 C ) 

(Cal cm 1 nee-* log- ) 

73 41 

2 98103 

00009061 

5 706 

6 MM 

39 18 

2 98068 

9150 

5 688 

r 489 

31 60 

2 98000 

01 0 

6 6» 

6 467 

12 21 

2 9'*948 

9179 

j46 

5 448 

4 23 

2 97884 

9198 

6 j11 

414 

1 61 

2 97829 

9 46 

6 43j 

? 449 


lb the laat column the radial flow correction hu been applied an 1 the con 1 activity redu o 1 to 100*0 using 
a temperature coefficient of 004 


Disoussion of Results 

These conductivity data for all three temperatures (on account of their 
gradual decrease with the pressure) are evidently affected by the existence 
of the temperature discontinuity effect To allow for this effect the usual 
procedure is followed of plotting the reciprocal of k against the reciprocal 
of the pressure p The plot of points so obtained is straight over a range 
of pressure in which convection is absent To obtain the value of k 
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unaffected by the temperature discontinuity the straight portion of the 
graph is extrapolated to give the value of 1/k corresponding to 1/p —O. 
In this way the following values of the thermal conductivity of carbon 
dioxide are obtained :— 


T rni|w*mhirp •( 

-WMPC 

OV 

100*0. 

k x in* 

1 *117 

J-50 

5*40 

<al nu 1 hh 1 ileif 1 





There is also a second possibility that the observed variation of k with 
the pressure p is only in part the result of the temperature discontinuity. 
Ubbelohde (T > has suggested that as the pressure of the gas is reduced 
the participation of the vibrational energy of the carlion dioxide molecules 
m the transport of heat becomes less and less complete This also would 
result in a del lease in k with the pressure 

Some recent measurements by us on monatomic argon gas show much 
less variation of k with p It seems not unlikely that part of the decrease 
of k with p is concerned with the decrease in the transpoit of heat by the 
vibrational cneig} of the carlxin dioxide molecules 


Appendix 

Theory of the Mki hod 

'I he following dppioMiiiate theory in which the flow of heat from the 
wire through the ambient gas is assumed to be strictly radial leads to values 
of the thermal umdiKlvit) k' which are in error by a little less than 1 %. 
This can he shown to lie the case In comparing the values of k as obtained 
from the appio\imate theory and from the exact theory which follows 
later Accoidingly. it is sufficient to use the approximate theory to work 
out the results and then to apply the small correction which allows for the 
departure from radial flow 


Al’FHOXlMAlL Thhiky. 

Let a wire of length 21 and thermal conductivity A be mounted axially 
in a tube which is maintained at sonic constant temperature whch may be 
taken as an arbitrary zero Let the annular space between the wire and 
the tube be filled with a gas of conductivity k. 


If the flow of heat from the wire is strictly radial then wc have:— 


ir 1>* A 


d*t 


2 77 b h t + 


PKolHnt) 

2U 


0 (1) 


where R* (1 + a t) is the resistance of the wire at t°, R* is the resistance 
at the temperature of the bath in which the apparatus is immersed, and 
b is the radius of the wire. The first two terms of (l) multiplied by dz 
represent the net rate of inflow of heat into an element dz along the wire 
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and over its surface, while the last term multiplied by dz is the rate at 
which heat is produced electrically in the element of length dz. If the 
following substitutions be made:— 

_ 2h ML />. • m 

* = EX’ m ” 2OTT ^ _ ma and v ^ ^ 

d*v „ 

(1) reduces to ji " =* 0 

For 0* > O the solution of this equation is * — 

t — ™ = A mnh /9z + B coah 0z 

where A and B are arbitrary constants. Jf the origin of & be placed at 
the middle of the wire the boundary conditions are t « O at i —= ± 1 whence, 
after evaluating A and B. we obtain 1 — 

* 

giving the distribution of temperature along the wire 

For a sufficiently short and thick wire the distribution of temperature 
is very nearly parabolic, as can lie seen by substituting the first two terms 
of the expansions for cosh 0z and cosh 01. The paralxdic distribution 
was assumed in the elementary theory previously given 


The mean tempeiature 1 along the wire is given by:— 


t 



cosh 0z 
oo*h 01 



or 



tanh 01 \ 

~V~ > 


(») 


If R is the observed resistance of the wire at the mean temperature t 
then R — R„ (1 + a T), giving 


t 


K — R, 
R® a 


(In actual experiments t" is 3 nr 4 degrees only.) Accordingly, on 
substituting for t, (3) becomes: 



tank 01 \ _ fcrMAJffi-R®) 

“01 ; “ " R^Pal 


w 


(4) may be written in the form: 


K-R® 


0 * 1 * 

/SI - tanh 


where 


o 


R®»I , al 

= 


10896/45.— 10 
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Expanding tanh £1 as a power series we obtain * 


lFi; “ /SI — 031 — j£»l* + a/15 /JH* - 17/315 pv + ...) 
= 3 J (1 + 2/6 ft*) - (newly) 


For values of 01 not greater than unity, the error introduced in the right- 
hand side of the last equation by neglecting the term /S^l*/525 is small, 
e.g. for 01 — 1 it is 1 in 300. If this term be neglected, we obtain, after 
simplification: 


2h R.I>a r SR* , t 1 6A 

h* “ 2 ttI)»J1 [ 6(R-Ro) + J 21« 


( 5 ) 


If X is known, (5) can be solved at once for h, and the conductivity k' 
of the gas obtained by multiplying h by the * form factor ’ for radial flow 
between concentric cylinders, i.e.;— 

k' — h ■ b log. »/b. 

where a is the inner radius of the tulie 


The wires used in our experiments are nul sufficiently short and thick 
for (5) to l*e applicable to the high conductivity gases, hydrogen, deuterium 
and helium Tt is therefore necessary to solve the more general equation 
(4) for h This is most conveniently done by tabulating the function -- 

f _ / 1 \2 /| tanhj3K 

tjSlJ l 1 01 ) 

for different values of 01 


When the tube contains a high vacuum (pressure not greater than* 
10"° mm. Hg ) the only lateral loss of heat from the wire is a very small 
one due to radiation, as the loss due to molecular conduction in the residual 
gas as shown 1 elow is negligible If ha be wiitten for h in (5) this 
equation enables us to obtain tile iheimal conductivity A of the wire since 
h» may he obtained by calculation from radiation data Tt is, however, 
more convenient for purposes of calculation to transform (5) into the 
equivalent form-— 


rr, i» jLfi . I 5? 1 !*i\ /i _ * w*\ 

7r b*J(R —R 0 ) \ 30 7rb* JAA B bX ) 


This relation replaces the simpler relation (6) of Knudsen, given m the 
elementary theory The quantites in the last two brackets on the light 
hand side of (6) represent small corrections only. It is therefore sufficient 
U use the approximate value of A given by Knudsen’s simple formula in 
evaluating them The quantity h*, can l>e readily obtained The radiation 
per rm J |>or second from a metal surface is:— 

8 = 


where a is Stefan's constant. T the ab^lute temperature, and 
emissive power of the metal surface. It follows that:— 




h» = 4«<rT» 


C 


the 
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Ihc value of c for a given metal can be obtained from experimental curves 
representing t as a function of the wavelength. (The curves given in 
Geigcr-Scheel, Handbuch der Physik, Vol. 21, p 190, may be used.) The 
wavelength A«„ corresponding to a given temperature T can be obtained 
trom Wien's Displacement Law:— 

A mu T — * 288 cm deg 

The validity of (6) depends also on the heat transfer by molecular 
conduction in the high vacuum bemg negligible. Ii can be readily shown 
from a relation obtained by Knudsen (for which sec Lorentz “Lectures 
on Theoretical Physics," vol. 1, p. 144) that the loss of heat per cm a per 
sec. from a wire at t°C to a coaxial surrounding cylinder at the temperature 
of 0°C which contains air at a pressure of p dyne cm is - - 

W < 3 x 10~ 8 p‘t 

This gives to the pait h c of h due to moleculai conduction a value - - 
h 0 < 4 x 10 -7 cal cm" 2 seer 1 deg -1 

when the pressure is 10 -4 mm of mercun Even at this pressure the 
effect of ignoring molecular conduction in (0) results in an error in A 
of less than 1 part in 1000 


Exact Theory 

In the exact theory, for which we arc indebted 1o Profcssoi T tliern. 
the differential equation (1) must hc replaced h> the following differential 
equation holding at the mii face of the witc - 

A n V p t + 2 * I, k J-l I- (1 + a *) - 0 (7) 

3i* ar| r|) J 

where p 0 is the icsistance of the wne per unit length As before, the Jirst 
two terms multiplied by dz represent the net rate of inflow of heat into 
the element dz along the wire and over its surface, while the last term 
multiplied by dz is the rate of geneintion of heat in dz by the electric 
t urrent. 


The solution of (7) is — 

t = ^ C„ £j 0 (nsr) / I 0 (nsn) — K 0 (iisr) / Kp(niia)J cob niw 
21, (n being odd) 



where 8 

1 » 
And 

=E e n ns 

1 r—b 


=■ E e„ ns ] 

and j? 

— — 2> B {i 
r=b 


— - 2 c n (i 

and t r ~b : 

=~Ec n \ on COS 


— — X r a (net)* Jl, (nsli) / I, (ima) K„ (neli ), K 0 (nw)J co* nm 
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Also, for —1 < z < -f- 1 

£coa m — J cos 3as + 1/6 cob 5s*. J 

Hence, mi substituting in (7) and equating c< efficients of cos ns ? we get: 

o, - ± £2l*B„/n.frrl] - JTa»tH« (n«)« \ 0 „ - 2 ff hk (n-o'N,. - l*R 0 aN (n /2Jl] 

( 8 ) 

the sign being for n« 1, 5, . and — foi n =- 3. 7, 11 

The resistance «»f tin* whole wne fnmi / -1 In /«—-]-1 is 

8“^ />•(!-*■ a t)d* = 2p 0 l -h [ipj a /tt] [ci N ol - le 3 N w 4- ... J 

or, since R« =- 2 p 0 I 

r(R — K 0 ) / 2R 0 a i, N U1 — ^ c, X„, 4 ic B N 0i .... (0) 

where N on =--I„ (nsb) ' l 0 (nsa) - k 0 (tish) / K„ (nsa) 

The equations (8) and (9) together replace (4) of the approximate theory. 
U will l>e noticed that the thermal conductivity k of the gas occurs only in 
the co-efficicnts Ca defined by (8). The scries on the right hand side of 
(9) converges very rapidly and the calculation of the first three terms 
allows k to be obtained by successive approximations The expansions of 
the Bessel functions I 0 , I, and K 0 arc given in Whittaker and Watson, 
Modem Analysis, Chapter 17. 
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2 P* W, Ghmsnct: Decapod Crustacea from tte Bdceneof Pkforta 

10, 9 mm.; lengths of lower margin to base of immovable finger IS, 
13, 11, 1CL4, 9*5 mm.; maximum heights 10.5, 9.5, 9> 8.5*<>,/mm*; 
minimum heights 8.5, 8.7, 7.7, 7.5. 5.7 mm. The upper edge is 
straight and curves gently downward near its proximal and distal 
ends. It forms a right angle with the straight proximal margin. The 
lower edge is markedly convex in side view. The distal margin 
slopes steeply forward. The upper and lower margins are carinate 
over almost their entire length. The upper carina is sharp, with 
a single row of small serrated sharply pointed teeth. The lower 
carina is slightly less sharp, with a median row of granules which is 
accompanied by lateral rows of somewhat irregularly spaced perforated 
granules (sockets), becoming more conspicuous near the base of the 
immovable finger The inner and outer surfaces of the hand are 
regularly and almost equally convex The outer surface is covered 
with widely scattered granules, mainly on the lower half. The inner 
surface is more evenly granulate, with the granules tending to become 
arranged in vertical rows near the lower margin The granulation is 
not visible on internal casts which show only muscle attachment pits. 
The immovable finger is slender, rounded in cross section, directed 
downwards at a very small angle, with a finely granulated prehensile 
edge near its base and one or two small triangular teeth on its 
proximal part There is no appreciable variation in shape or ornamen¬ 
tation. Two small chelae which were found in the Pebble Point beds 
are more elongate and their giamilation and carination is weaker than 
in the typical C bakeri The two aberrant specimens cannot be 
definitely assigned to the common species here described. 

Remarks—This species tesemhles C mensiesi Withers from the 
Middle Eocene (Scotland beds) of Barbados, and C panamensis 
Glaessner (C. elongata Rathbun, non Fritsch) from the Culebra for¬ 
mation (Middle to Upper Ohgocene) of Panama. It differs from C. 
mensiesi in the more convex lower margin, the straight proximal 
margin, and the ornamentation of the surface. C panamensis has a 
more strongly inclined distal margin and also a diffeient ornamentation 
Figures and descriptions of other elongate CaUwnassa -chelae such 
as C erecta Bohm, C nuda Beurlen, C songoensts Bohm, C. longa 
Noetlmg, C. delta Rathbun and C breusoensts Stenzel have also been 
compared but were found to differ from C bakeri either in the 
character of the margins or in details of the ornamentation. It is 
remarkable that most of the chelae of this type were found in Lower 
Tertiary deposits. 

Callianassa cf i*acunosa Rathbun. 

(Plate 1. fig 6a* b) 

cf 1918 Callumassa lacunosa Rathbun, U S Nat Mus Bull 103, p. 138, pi. 59, 
figs 8-11 (Culebra formation Panama, Middle to Upper Ohgocene), 
cf. 1926 CoUtanassa lacuna sc Rathbun, Withers, Gcol Mag, vol 63, p. 105, 
pi 9, figs 3, 4 (Scotland bods, Barbados, Middle Eocene) 
cf. 1935 Calhanatsa kulh Rathbun, Gcol Soc Amer, Spec Papers No 2, p. 72, 
pi 15, figs 30-35 (Midway group, Arkansas, Paleocene) 

Diitribution—Eocene, Rivemook Bed, south of Rivemook House, 
on coast about miles south-east of the mouth of the Gellibr&nd 
River, Victoria. 



1 Wi Glower : Decapod Crmtoceo from the Boone of Vkkrt* 3 

CWkction-^Geology Department, Melbourne University, No. 1923 
(colL Mr. G. Baker). 

Material-—One incomplete right hand. 

Description—Upper and lower margin strongly convergent, lower 
and proximal margin forming a right angle. Outer surface evenly 
convex, with a short ridge at the base of the immovable finger; inner 
surface almost fiat but somewhat inflated above the middle. Upper 
edge carinate, smooth, with a row of eight small sockets below the 
rim on the inner surface. Lower edge not well preserved, possibly 
granulate. Few scattered granules on both sides of the lower part 
of the hand. The measurements of this specimen are as follows: 
Upper margin 8.S mm, lower margin 8 mm., proximal height 8 mm., 
distal height 7 mm, length at the level of the interdigital sinus 8.5 mm., 
thickness 3.4 mm. 

Remarks—This species is remarkably close to the American species 
C. lacunosa, of which C hulli is probably a synonym. The ornamen¬ 
tation of the inner side of the propodus is a very striking feature which 
does not occur in other species of the genus. The present specimen 
differs, however, in the marked convergence of the upper and lowei 
margins and in the shorter infradigital ridge 

Caluanassa sp 
(Plate 1, fig 7a, b) 

About eight hands and a dactylus of a CaUwnassa from the River- 
nook locality represent another species which is undoubtedly distinct 
from C. bakeri and C lacunosa A small right arid a left hand were 
found close together and belonged evidently to the same individual. 
These remains are unfortunately not sufficiently well preserved for a 
complete description of specific characters and no species name will 
be proposed for them. 

The hand is short and high, with the upper and lower margins 
straight and sharply keeled and converging only slightly toward the 
distal margin. The proximal and distal margins converge more 
pronouncedly downward. The outer surface is moderately convex 
The inner surface is generally flat, with a broadly rounded crest along 
its central part. The immovable finger, which is incompletely pre¬ 
served, is compressed at its base, with its upper edge sloping rapidly 
downward and with a rounded ridge extending a short distance below 
the articulation of the dactylus. There are about 10 weak granules 
scattered about the outer surface of the propodus near the base of 
the immovable finger. The inner surface shows a row of circulai 
pits just above the lower margin, with twoparallel rows of smaller 
and more widely scattered pits above it. The measurements of the 
largest specimen which is preserved as an internal cast are as 
follows: Upper margin 10 mm., lower margin 9 mm., proximal margin 
10 mm., distal margin 9 2 mm, greatest height 10 25 mm, thickness 
3.7 mm. 

A dactylus was found in a small rock specimen about one-half inch 
from a propodus of which only an external mould remain# It is com¬ 
pressed and high, with a thin upper keel and a sharp prehensile edge 
with a toothlike projection near its base. There are three or four 
large circular pits just below the upper edge. 



4 P. W* Gtasssner: Decapod Crustacea from the Eocene of Victoria 

A snail chela In which the immovable finger is preserved r e pr es en t* 
a third species of Cal h ana s sa from the Riveraook Bed. It resembles 
C. baker* in its elongate shape, but differs in the straight lower margin 
and straight finger, and does not show the characteristic ornamen¬ 
tation of the specie* from the Pebble Point beds. 

Genus Ctenocheles Kishinouye, 1926. 

1914 iPcniacktisf, Balls, Abb K. Bayer, Akad Wiss, II Suppl-Bd, 10. 
Abh., p 75 (Cheliped only) 

1926 Cienocheles Kishinouye, Annot Zoo! Japon, vol 11, p 63. 

1935 heknodociyhu, Rathbun, Geol Soc Araer Spec Papers Nr. 2^ pp. 
63-65 (non Ischnodcutyius Pelseneer) 

1939 Thonma s tockrUs, Beurlen, Palacont Zeitschr, vol 21, p 137 (non 
ThanmastocheUs Wood Mason) 

1945 CtenocMes t Melbourne Ward, Mem Queensland Mus, vol 12^ p. 134 
Genotype, C balls t Kishinouye 

Four isolated, long, thin, denticulate fingers, lying on a small rock 
specimen from the Rivernook locality, closely associated and partly 
overlapping, and evidently belonging to a single individual, are assigned 
to Cttnocheles. This genus was established for a living Thala&sinid 
corresponding in essential features with Callionassa, but distinguished 
by the excessive development of the right cheliped which resembles 
that of the lobster-like deep-sea Decapod Thoumastocheles, but differs 
in the external position of the dactylus, the smooth propodus and the 
arrangement in a single plane of the denticles on the fingers. The 
type species was found in deep water off Japan. Recently another 
species was described from Morcton Bay, Queensland. It appears 
now that several species of Decapod claws from the Lower Tertiary 
of Alabama, Mississippi and Hungary, described under different 
generic names, belong to this genus. 

Ctenochbles victor nov spec 
(Plate 1, figs 8, 9) 

Diagnosis—Fingers of the large chela very thin and long, with 
regularly alternating longer and shorter curved and pointed teeth, 
those of the small chela with a row of granules and with the distal 
ends curved 

Distribution—Eocene, Rivernook Bed, outcrop south of Rivernook 
House, on coast about 1 # miles south-east of the mouth of the 
Gcllibrand River, Victoria. 

Collection—Geology Department, Melbourne University, Nos 1925, 
1926 (coll. Mr. W.X Parr). 

Material—Four fingers of the first pair of chelipeds belonging to 
one individual. As the fingers are lying in different directions and 
are overlapping each other, they were partly damaged and partly left 
concealed when the rock specimen containing them was split open. 

Description—Both fingers of the larger chehped are laterally com¬ 
pressed, long, thin, and straight. The base of the immovable finger 
is preserved, but its tip is not clearly visible Its length is approxi¬ 
mately 13 mm. The distal end of the dactylus is broken off and the 
proximal end is concealed. As preserved, its length is 14 mm. In both 
fingers the prehensile edge is armed with a row of pointed conical teeth. 
On the dactylus about 5-6 slightly curved long teeth (over 1 mm.) 
are visible; they are regularly spaced, with about three shorter teetn 
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(tew than J4 mm.) in each interval. The arrangement cm the irnmov* 
aUe finger seems to have been similar. There are indications that 
this finger was directed slightly downward, forming an angle with 
the lower edge of the propodus, which however is not preserved. 

The fingers of the smaller cheliped are rounded in section, with a 
row of granules of slightly varying size on the prehensile edges and 
several rows of widely spaced pores on the surface of the immovable 
finger The distal ends are distinctly curved. The length of the 
immovable Anger of the smaller cheliped is 7 mm. 

Remarks—The preservation of the fingers of the first pair of 
chelipeds without any traces of other parts of the integument is 
undoubtedly due to the characteristic weak calcification of the burrow¬ 
ing Ca|liaoassidae. The remains of the animal must have been buried 
before it disintegrated and the more strongly calcified fingers were 
apparently shifted out of their original position as a result of some 
slight subsequent disturbance of the embedding sediment. 

Ctenocheles tnctor differs from the living Australian C. collini 
M. Ward in the slender 9hape of its fingers It resembles very 
closely C balssi (fig. 1), but the teeth on the larger fingers are 



more regularly arranged, and the ends of the smaller fingers are 
more distinctly curved. The incomplete chelae from the Middle 
OUgocene of Hungary which Beurlen (1939) described as Thaumo- 
stocheles rupeliensts possess the distinctive features,of Ctenocheles , 
Beurlen drew attention to their striking resemblance with the cheliped 
described by Balss as Pentacheles sp ?, but overlooked the fact that 
Kishinouye had proved that this fragment belonged to the type 
species of his new genus. The fragmentary hands and fingers 
described by Rathbun (1936) from the Paleocene and Eocene of 
Alabama and Mississippi as Ischnodactylus (/. cockei, I ’ cultellus, 
I.f dentatus ) also agree with Ctenocheles in their shape and weak 
ornamentation and calcification; the denticulation of most of these 
fingers is incompletely preserved. It should be noted that their 
identification with Ctenocheles does not affect other species of 
Ischnodactylus such as the Cretaceous /. macrodac'ylus (Schluter) 
and /. esocinus (Fritsch), in which long spiny dav s are associated 
with lobster-like remains of the carapace or abdomen Long fingers 
with long pointed teeth occur in more than one fai uly of Decapod 
Crustacea, out the shape, calcification and ornamentation of the hand 
and fingers make it possible to distinguish them. 


6 

Byi^ows of ColUanatsa in the Pebble Point $kd^ „ \ ' 

A peculiar type of cylindrical structures, obviotwfy of orgajofc 
origin, occurs in great abundance in the Pebble Point Beds at Budjdey’i 
Pomt and attracts attention, particularly on weathered surfaces (Plate 
1, fig. 10; Plate 2, figs. 1-5). The friability of the rock makes it 
difficult to collect satisfactory specimens or to take reliable measure¬ 
ments. The following observations on these structures were made 
in the lowest beds resting on the eroded surface of the Jurassic at 
Buckley's Point, one half-mile north-west of Pebble Point, and along 
the coastal outcrop of the gritty beds north-westward towards Point 
Margaret. The tubes vary in size, but most of them are between 
}4 inch and one inch thick. They are mostly fairly straight, occasion¬ 
ally bifurcating, and lying either parallel to the bedding planes or at 
right angles to them or in various other directions Their length could 
not be measured as they become clearly visible only as portions of 
them weather out of the rock They are eroded away soon after 
their emergence from the matrix. Blind ends of the tubes are seen 
occasionally. Most of the specimens collected aie formed fiom more 
fine-grained material than the immediately Minotmdmg matrix, but 
sand grains occur in the filling of the tubes Significant characters 
of these structures which distinguish them fiom the mud-filled worm 
burrows commonly occurring in marine sediments can be summarised 
as follows —(1) Generally straight course, with more or less angular 
changes in direction; (2) bifurcating but not aiborescent branching; 
(3) limited size-range; (4) smooth surfaces, without agglutination 
of pellets or foreign bodies to form walls; (5) occurrence of blind 
enas. 

These features, taken in conjunction with the common occurrence 
of Collianassa bakeri in the same beds, suggest a burrowing Ciustacean, 
and in all probability this species of Calhanassa , as the originator 
of the burrows The size of the Ca//wwaua-claws is in reasonable 
agreement with the average size of the tubes. Taking the Recent C. 
aequimana W. H Baker from the coast of South Australia as a 
standard, an arbitrary procedure which seems justified in view of the 
resemblance in the proportions of the claws with those of C bakeri , 
it is found that in this Recent species a propodus 7 mm long on its 
upper edge (equal to the smaller specimens of C bakeri) corresponds 
to a carapace and abdomen about 12 mm, wide. This is in good 
agreement with the size of the four specimens of tubes collected in 
situ. Gaws as well as tubes seem to lange to about twice this size. 

Fossil burrows of Collianassa were described in detail by K Ehren- 
berg {1938) from the Lower Miocene of the Vienna Basin. Their 
Essential characters agree well with those of the structures here dis¬ 
cussed. A claw of Collianassa was discovered in the blind end of 
one of the tubes from the Vienna Basin locality. In his publication, 
Ehrenberg discussed the available information on the habits and 
habitat of Calhanassa and allied forms. It is well known that the 
Callianassidae live in deepburrows in muddy or sandy sediments. 
According to Stevens (1929), Ca/faftafsa-burrows are very similar 
to those of Upogebia , which are described as 20-40 mm. in diameter, 
netrly vertical, and Y-shaped or U-shaped with two or more brandies 
opening at the surface and with one or more short blind passages 
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extending down or to the aide They were found either scattered 
or $o dose together that the mounds of debris deposited in heaps 
arouhd the openings actually touched each othei As a result of the 
piessure of the animals body in the great many trips back and 
forward the walls are smooth as if plastered Judging from a 
comparison between these descriptions* and the field observations 
made to date it appears likely that the abundant fossil burrows in 
the Pebble Point Beds were made and inhabited by Calltanassa 
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2—A New Tnlobtte from the Yeringian (Lower 
Devonian) Rocks of Kmglake, Victoria 

By EDMUND D. GILL, B.A., B.D. 

[Read 13th June 1946] 

Abstract 

Dtcranurvs kinghken ts sp nov is described and compared with D longi 
jam us (Mitchell) from New South Wales and D monstrosus (Barrande) from 
Bohemia The homologies of some parts arc discussed especially the genal 
spines The Victorian beds containing Dtcranuru* are shown by the accom 
panying foss Is to l c Lower Venng an in age Dtcranurus occurs in Devonian 
beds except that in New South Wales D longupmus is found in beds referred 
to the S lunan The standing of the sub genus Bounyongia is discussed 

Introduction 

In the Kmglake District of Victoria there is a large synclinal stiuc 
turc in which 19 preserved a senes of marine sediments of Lower 
Devonian age hrom Davies Quarry on the western branch of 
Stony Creek about a mile north of the Kmglake West State School 
a rich faunule including the new species now described has been 
discovered 

Classification 

The definition >f the family of tnlobites to which the new species 
belongs has been the subject of much debate However as a result 
of the researches of the Richters (1917 1928 1930) Reed (1925) 
Warburg (1925 1933) and others some general agreement appears 
to have been reached The following classification has been adopted 

Order OPISTHOPARIA Beecher 1897 
Family ODONTOPLEURIDAE Burmeister 1843 
Genus Dtcranurus Conrad 1841 

Diagnosis —Odontopleunds with lobes isolated by well developed 

false furrows from central part of glabella small first lobes large 
second and third lobes and small fourth (occipital) lobes median 
post glabellar projection (of occipital origin) produced into two long 
posteriorly directed recurved spines Cephalon more or less semi 
circular free cheeks not anthylosed with fixed cheeks eyes post 
central Thorax with nine segments (not proved in genotype but 
inferred from D kmglakensxs) the pkuiae characterised by elevated 
ridge divided unequally by a furrow into a narrower anterior part 
ana a wider posterior part and extended distally into spines of unequal 
size corresponding with the pleural ridges in portion and relative 
size Pygidium with two long spines 

Dicranurus is vejy like the genus Ceratocephala but in the latter 
the occipital spines are shorter straight divergent and separate at 
their bases (i e not fused into a median post glabellar projection) t 
the free cheeks are anchylosed with the fixed cheeks the cephalon 
is broader anteriorly than posteriorly the eyes are pre centml the 
pleurae are divided into equal parts by the median furrow 
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DlCRANURUS KINCtAKtNSIS, sp nov 
(Plate III figs 1 3) 

fyit MAii-kiAJ—A hololypc consisting ot the cast of i cutpact 
complete except for damage to the front of the cephalon The matn\ 
in which it is preserved is i bluish gie} indurated shale with a thin 
band of brownish grey sandstone on the opposite side of the slab 
from that preserving the fossil Umvcisity ot Melbourne Dept of 
Gcolog) reg n# 1936 collected and presented by Mr A A Brunton 
A paratype consisting of a cranidlum in the suite matiix collected 
and presented by Mr O P Singleton I Sc MUGD reg no 1937 
Both holotype and paiatype were collected from Davies Quarry 
west bianch of Stony Creek Kinglake West Vietona 
ThrCaraiaci —(descnbcd from holotjpe pi 111 fig 1) is 6 5 cm 
long (anterior margin incomplete) and 4 cm widt exclustve in both 
measurements of the spines lhc general outline is roughly that 
of an ellipse with the longer sides flattened The tinpace is strongly 
tulobcd and very spinose 1 he suit ice is cavued with tuliercks 
large and small In life the cephalon must Ivm heen on a different 
plane from the thorax in ord i tc allow 100 m f i the recurve 1 
occipital spines 

Tut Cj i halon— (1) The crtuitdxum (dest riled imm the piratype 
pi III fig 2) in its outline is charaetcilsed 1> almost straight lines 
The sides of the ciamdium make an angle of appn ximately 120° with 
the anterior margin The posterior lateial angle of the cranidlum is 
approximately SO Supporting the median pr st gl il>eUai projection 
(charactenstic of this genus) is a flat bncket (on each side) the outei 
border of which makes in angle of 3S with tl i median longitudinal 
axis of the cranidlum This bncket is fused to the fixed cheek 
and passes over the level of the later d extensions of the occipital 
segment at about half way between the posterior laterll angle of the 
cramdium and the median post glabellar piojcction This biackct 
carries the fourth lateial (occipital) lobe which is small The median 
post gLbcllar projection (Reed s post central lobe ) is about thr e 
quarfus of the length of the median area of the ghbella It btars 
posteriorly two long curved hollow spines the l asts r f which coalesce 
to form the post glabellar projection 

The false furrows of the glabelU ire relatively wide (1 5 mm) 
and deep and are parallel The median lobe is thus rcctmguldi in 
outline The second and third lobes are sub equ d and relatively large 
and well developed but the first and fourth (ocupUdH lobes rc small 
and little elevated The degree of tumidity is shown m hg IT which 
is a longitudinal silhouette of the paratype ciamdium and fir 1 \ 
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which is a transverse section of the same The silhouette is given 
rather than a median section, so as to show the configuration of the 
occipital spines 

The spines on the fossils described in this paper usually have a 
median furrow due to collapse such as is found in thin hollow shells 
like Styhohna (Gill, 1941) They have also fine transverse markings 
The occipital spines bear tubercles 

The axial glabellar funows (‘true fuirows”) are but weakly 
developed anteriorly although more strongly so posteriorly A well- 
marked furrow bordci s the lateral margins of the cranidium Another 
specimen (National Museum reg nos 14522 and 14523, which are 
counterparts) show9 a similar furrow constituting a pre glabellar field 
on the cranidium The furrow and ridge of the occipital segment 
are well displayed at their lateral extensions outside the brackets 
already described 

The surface of the cranidium is well tuberculated, a particularly 
prominent tubercle being present on the median post glabellar pro¬ 
jection National Museum reg nos 14522 and 14523 show this 
tuberculation particularly well The tubercles show on both the 
cast and the mould proving that they involved the full thickness 
of the exoskeleton and were not merely external outgrowths There 
are prominent tubercles on all the raised parts of the cranidium, some 
also form a row up the fixed cheeks between the axial furrows and 
the marginal furrows Between the larger tubercles are numeious 
ones of smaller size 

The median post glabellar projection is # cm long and 6 mm 
wide It covers the first segment of the thorax before dividing into 
two strong, hollow spines These are 2 mm in diameter at the 
cephalic end, and circular in cross section They diverge at first so 
as to make an angle of 40° between their axes then become more 
parallel (sec PI Ill fig 2) Only 1 cm of the spines is preserved 
in the paratype However other specimens show that they were 
recurved, as is characteristic of Dieranurus, but not spirally as in 
D monstrosus they are more like the occipital spines of D long i- 
spmus (fig 1C shows the spines on a large specimen Melb Umv 
Geol Mus reg no 1917) 

(2) Free Cheek (described from M U G D reg no 1938 PI III, 
fig 3) Width from margin immediately anterior to eye to margin 
immediately anterior to genal spine, 11 5 mm Length taken at right 
angles to last line and on genal angle side of eye, 12 mm Outer 
margin of cheek smooth, roundly curved, drawing in under the genal 
spine, which nses on the dorsal surface of the cheek instead of being 
a projection of the genal angle The spine arises only 3 mm from 
the inner margin of the cheek It is about 7 mm wide where it 
arises, but narrows quickly to 4 mm and is about 3 mm wide when 
it passes off the cheek From its point of genesis to where it is 
broken off, the spine is nearly 3 cm long The spine is a little over 
1 mm wide where it is broken off but as it is a hollow structure 
crushed, this may not have been the original diameter 

The eye is raised on a short stumpy pedicel about 2 5 mm wide at 
its base (longest diameter) The pedicel narrows a little before 
expanding at the top where it terminates in a highly curved visual 
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area which looks oval to round from the dorsal aspect The free 
cheek is tuberculatcd the tubercles being grouped mostly round the 
base of the pedicel in l nound the outer margin Another specimen 
an internal cast shows the visual area to consist of numeious sub 
hemispherical bodies (casts of inner surfaces of the lenses) much 
less than their own diametci apart The eye consisted therefore of 
closely packed strongly convex lenses There are 12 lenses per milli 
metre so there must have been some hundreds in the complete eye 
There is a definite rim in this specimen where the visual area begins 
The pedicel is about 1 mm high ind the visual irea approximately 
the same 

The ciamdia and the free cheeks show that the eyes were situated 
opposite the antenor end of the third glabellai lobt and so post central 
—a distinguishing feature from the closely allied genus Cerotocephah 
In most cases the free cheeks and cranidia arc found separate whereas 
these parts are fused together in Ceratocephala and so the cephalon 
is usually found whole 

The Thorax —(dcscubed from holotype) consists f nine seg 
Clients The thoiax is more oi less even in width (about 4 cm ) until 
the 7th segment fiom whence the width is reduced giadually to align 
the margin of the thorax with that of the pygidium The axis is pro 
minent (anteriorly 1 cm wide or 1 5 cm including nodules) and 
tapers posteriorly proportionately with the pleurae Antenoily the 
axis nses 4 mm above the most elevated part of the pleurae Nodules 
clearly developed they are associated with the broader posterior ridge 
of each pleuron 

The part of the pleurae in evidence from the dorsal aspect of the 
tnlobite consists of a broad raised ridge divided by a shallow furrow 
into a wider posterior part and a narrower antenor part the latter 
being roughly half the width of the former Each pleuron is extended 
distally into two spines—a narrow short antenor one and a wider 
long postenor one Probably the relative development of these 
spines is connected with the relative size of the subsidiary ridges on 
the pleurae It would appear from the holotype that the postenor 
Mpines art only of the order of a centimetre in length on the first 
three pleurae and deflected backwards at an angle of the order of 45* 
to the longitudinal axis of the tnlobite whereas on the succeeding 
pleurae there aie long strong spines up to 4 cm («u d perhaps more) 
in length deflected so as to be approximately parall I w th the longi 
tudinal axis The spines on tht fourth and fifth segments are the 
longest Tht respective length of the spines seem* to be connected 
with their protective function when the tnlobite is eni oiled 

The thorax is tuberculate there being two promnent tubercles on 
each segment of the axis one in the middle of the wider subsidiary 
ndge of each pleuron one where the heavier postenor spine is 
deflected and sometimes others on the spines 

PyciIDIum —(descitbed from holotype) Small *nd sub tnanguhr 
in outline Gieatest width 2 5 cm and greatest length 03 cm Three 
segments are discernible on the axis declining in d finition anterior- 
postenorly The segments have two tubercles on them as in the 
thorax The axis is about half the length of the pygidium, well 
rounded terminally and standing about 3 mm above the rest of the 
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pygidium The most anterior segment has nodules on each side of 
the axis and is produced into well defined pleuial ndges with strong 
furrows on each side At about half the distance to the margin, the 
ndges are deflected backwards very strong]\ and arc produced 
beyond the margin into long strong spines which art directed almost 
parallel to the longitudinal axis oi the tnlobitc Ihc ndges on the 
pygidium hive a central tubercle on them as do then homologues in 
the thorax the pleurae Apart from the spines the maigin of the 
pygidium is smooth 


Specific Companions 

The new species is compared with the following forms 

(1) Dicranurus longisptyus (Mitchell 1889 1 the ridge and Mit 

chell 1896) PI III fig 4 Tthendge and Mitchell referred this 
species to Ceratoccphala but it dnes not belong then because the 
free and fixed cheeks are not fused the oc<_ pital spines are not 
straight and separate at then bases (it has a post glabcllat projec 
tion) and the pleurae are not divided into equal areas by the pleural 
furrows The torm on the other hand has all the diagnostic features 
of the genus Dicranurus 

The type matenal has been examined and found to be very similar 
to our new species Just as Graitcalymene australis (Ethendge and 
Mitchell) G anqusttor (Chapman) and G lootamundrensis Gill 
constitute i closel) related gens so do Dtcratturus lonqtsptnuv and 
D kmglakcnsis The new species is distinct from Mitchell s species 
in that it is altogether a more developed form of heaviei build Tins 
is illustrated in the following features 

a Dicranurus kmqlakensis is typically much biggei than the latter 
Comparison of a number of specimens shows it to be one third 
or more larger 

b The carapace is more tumid (up to twice the elevation) 
c It is more heavily tuberculated 
d The eyes are more prominent 

e Proportionately the thoricic nchis is wider The ratio width of 
rachis over width of thorax is 4 4 8 foi D ktnqlak nsis and 
D longxspxnus respectively 

f The pygidium is moit robust in the foimer species The ratio 
width over length for the two species is 2 6 315 icspectively 
The pygidial spines are proportionately stionger 

Dicranurus ktnglakensts is a more developed foim than D lonqx 
spmus and from this it may not be wrong to infer that it comes 
slightly later in the evolutionaly sequence Its stiatigraphical position 
is discussed on page 13 

(2) Dicranurus, monstrosus (Barrande 1852) The cramdium of 
this species is very like that of D hnglakcnsis except that there is 
a marked difference in the spines The original figure of Banande 
(1852 PI V fig 34) and the photographs reproduced by Pud and 
E Richter (1930 fig 6) show that there is a difference of about 20* 
in the divergence of the spines also the spines in our species and 
that of Mitchell curve downwards and perhaps a little outwards 
(although this may be due to crushing) but they are not spirally 
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recurved as are those of D. monstrous. There are no branches on 
the spines of our species as figured for Barrande's species (R. and E. 
Richter, 1917, fig. /). The eye pedicels of D. monstrosus are longer 
than in the new species. 

(3) Dicranurus hamatus Conrad (1841). This species is the geno¬ 
type for the genus Dicranurus , and comes from rocks of Lower 
Helderberg age. The figures vary somewhat, but apparently the 
lobation is much less distinct than it is in our species. The eyes in 
D. hamatus are situated much further back (Clarke, 1892, PI. 1, fig. 6) 
than in D. kinglakcnsis ,. Moreover, the thoracic segments arc of an 
altogether different construction, as also is the pygidium, if those 
figured by Hall (1861, PI. 79, fig. 19) have been proved to belong 
to that species. It is interesting to note that each segment of the 
axis bears two tubercles (considered to be homologous with the 
occipital spines), an arrangement which holds for the species of 
Dicranurus known so far. 

(4) Dicranurus litnenarcha Clarke (1905) has only a superficial 
resemblance to the new species. 

Associated Fauna 

The following forms are associated with Dicranurus kinglakcnsis: 

ANTHOZOA Lindstroemta ampla Chapman. 

L. yeringae Chapman. 

\ I J lcurodictyum megastomum Dun. 

Pleurodictyum sp. nov. 

BRACHIOPODA Anopha australis Gill. 

A. withersi Gill. 

Dalmanella aff. clcgantula (Dalman). 
Eospirifcr sp. 

Lcptacna rhomboidahs (Wilckens). 
Nucleospira australis McCoy. 

Orbienloidcs sp. 

Plcctodonta bipartita (Chapman). 
PELECYPODA Nuculitcs maccoyianus Chapman. 

Palacancilo sp. 

TKILOBITA Homalonotus sp. 

Leonaspis sp. 

Odontochile sp. 

Practus sp. 

Scutcllum sp. 

OSTRACODA B eyriehia sp. 

Plumulites sp. 

ECHINODERMATA Rutroclypcus sp. 

There were also collected starfish, brittlestars, carpoids, crinoids, 
and polyzoa which have not been determined yet. 

Stratigraphical Inferences 

Anoplia of two specie 1 * in good numbers and plentiful Plcctodonta 
bipartita indicate a Lower Yeriiigian age (Gill, 1945). The rest 
of the faunuie fits in well with this age determination. The type 
Yeringian sandstones, shales, and mudstones have been shown to be 
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Lower Devonian in age (Gill, 1942). Dicranurus, Pleurodictyutn 
(two species present), and Plectodonto of the P . eomitans type (cr. P. 
bipartite) are Devonian forms in overseas faunas. Dicranuru j 
ktnglakcnsis is very close to D. monstrosus from fitage G of the 
Bohemian Devonian. The present writer has previously drawn atten¬ 
tion to the affinities between the Bohemian Devonian fauna and the 
Yerinfjian faunas of Victoria. This is well illustrated in the case of 
the tnlobites, as the following table shows: 


Victorian Form 


Compared Bohemian Form 


fitage 


1 

2 

3 

4 

5 

6 

7 

8 


Aconthopyge australis (McCoy) 
Colymtitf killarensis Gill 
Chetrurus aff. gtbbus Beynch 
C stembergi (Boech) 
“Dahnamtcs meridianus*' Eth. & 
Mitch 

Gravtcalymene august tor (Chap* 
man) 

Phacops fccundus Barrande 
Scute l turn yreeni (Chapman) 


A. koueri (Barrande) 

C. blutnenbachx Brongniart 
C. gibbus Beynch 
C sternbergx (Boech) 

D (=Odontochde) hous- 
wonm Brongniart 
G interjecta (Corda) 

Phacops fecundus Barrande 
S. formosus (Barrande) 


F 
E F 
FG 

E FG H 
G 

FG 

E F G H 
G 


The above determinations are not all according to modem standards ; 
e.g.. the Phacops fccundus found here varies from that found in 
Bohemia. The name Dolmanites meridianus has been used by various 
authors to cover a closely related scries of forms referable to the 
genera Dalmamtes and Odontochile The form at Kinglake is an 
Odontoehile. Nevertheless, the similarities are striking and not with¬ 
out significance. 

On the other hand, the Yeringian fauna is not one completely of 
Bohemian aspect. As already shown (Gill, 1942), there are affinities 
with other Boreal faunules, especially in North America. 

Our new species of Dicranurus is very close also to D longispinus 
from the Hume Series in New South Wales, which have been referred 
in toto to the Silurian (Brown, 1941). The bed containing Dicranurus 
also contains Pleurodictyutn, although Dr. Brown is of the opinion 
that the N.S.W. form is not comparable with the genotype (personal 
communication). 


Paiaoozoological Features 

Spines. The high degree of spinosity of Dicranurus kinglakensis 
is a notable feature. The spines are hollow, and so aided a floating 
habit for this trilobite. They would be lined by at least one layer 
of cells, because the spines are part of a secreted exoskelcton, but the 
centre may have been occupied by light parenchymatous tissue or a 
blood sinu9. 

The considerable surface area of the numerous spines would provide 
a good deal of friction with the water, and thus aid floating, just as 
the appendages of some crustacean larvae do. The action may be 
compared with a snowshoc preventing sinking into snow, or the large 
surface area of a camel's foot-pad preventing sinking into sand. 

Such spinosity of tnlobites is frequently associated with the 
elevation of the eyes on pedicels. Both arc adaptations to a planktonic 
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habit The spines helped to keep the animal afloat, and the eyes on 
pedicels more readily descried danger. A trilobite half obscured in 
the mud of the sea floor did not need the sharp lookout necessary for 
a planktonic form. One notes the large eyes of crustacean larvae and 
other forms of marine plankton. When danger came, the trilobite 
rolled itself up, presenting the enemy (in the case of Dicranurus) 
with a chitinous spheroid well armed with spikes. The spines may 
thus be regarded as having a protective as well as a flotation function. 
A third function is that of balancers, like the outriggers on Pacific 
islanders' canoes. This would apply particularly to the big out¬ 
stretched genal spines of Dicranurus. 

The radial arrangement of the spines in the genus Radtaspis suggests 
that it was adapted for floating without locomotion. In D. king - 
lakensis and D longispinus (the only species of the genus where the 
complete thoraces are known) the long tlvu.icic spines and the pygidial 
spines are carried backwards in a streamlined fashion. This is clearly 
an adaptation to floating with locomotion. The movement, however, 
would be in one direction only. The adaptation was for forward 
movement, the deflection of the spines being disadvantageous for 
any quick backwards movements as seen in some modern Crustacea. 
(It is not suggested that the Trilobita should be classified as Crustacea.) 
One imagines Dicranurus floating among the plankton or swimming 
gently forwards. Like the lest of the Odontopleuridae, it is highly 
adapted and specialised. Other Odontopleurids arc present with the 
new species, but material good enough for description was not 
collected. 

It is imagined that the spines would complicate moulting As the 
spines would have to be renewed at each eedysis, cells capable of 
secreting a new exoskeleton must have lined the inner surface of the 
spines. At moulting, the newly forming spines would need to be 
withdrawn from the old ones As apparently the animal emerged 
from the front of the old armour, the backwards deflected spines 
would be easier of egress than the radially orientated spines of 
Radtaspis, or the long, slender curved spines of Ancryopyge 

Occipital Structures. The interpretation of the median post- 
glabellar projection with accompanying brackets and spines as occipital 
structures (Warburg, 1933), seems to have found acceptance rather 
than their interpretation as glabellar ones (Reed, 1925). The study 
of the Australian species of Dicranurus brings support for Warburg's 
view, it being possible to demonstrate the intimate relationship 
between the obvious part of the occipital segment, the post-glabellar 
projection and the brackets. 

The brackets carrying the occipital lobes illustrate a well-known 
architectural principle for buttressing a member carrying heavy strain. 
The long occipital spines must have transferred considerable strain 
to the projection carrying them. The projection stands about 3 mm, 
above the lateral extensions of the occipital segment in D. king - 
lakensis, and projects back half a centimetre over the thorax. The 
brackets provide excellent support for this structure which needs it in 
view of the relatively big strain carried. The brackets link the fused 
bases of the spines (i.e., the post-glabcllar projection), the lateral 
extensions of the occipital segment, and the glabella and fixed checks. 
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I agree with Warburg in considering the occipital spines homologous 
with the tubercles on the occipital nng Dtcranurus ktnglakcnsts, like 
all other species of this genus of which the thoracic segments are 
known, has two tubercles in a like position on the axis of each 
segment of the thorax and pygidium Judging by the faint tubercles 
on the pygidium of D longtsptnus, the same airangement probably 
existed there The very prominent tubercle behind the median 
glabellai lobe in D monstrosus D longupxnus, and D ktnglakcnsts 
may be regarded as an incipient spine 
Writers have drawn attention to the fact that the cephalon and 
thorax of Dtcranurus could not have been m the same plact, because 
of the large occipital spines curved down below the level of the 
cephalon The orientation of the trilobite must have been therefore 
one of the following 

(а) I or the thorax and pygidium to form an obtuse angle with a 
horizontal cephalon (the angle would be of the order of 140°-150° 
in the case of D ktnglakensts) This would considerably mciease 
friction with the water in locomotion, and decrease the friction 
assisting flotation The same would apply to a partially enrolled 
condition The thorax and pygidium could have been horizontal 
and the cephalon inclined downwards, this would interfere with rear 
vision 

(б) ~ For the thorax and pygidium to be cuived so that the dorsal 
surface of the trilobite was concave, a stance illustrated for L enlarges 
by R and E Richter (1930, fig S) This arrangement (if not 
extreme) would produce less friction in locomotion than (a), and 
would affect tht animal's flotation to no appreciable extent This 
appears to me to be the more likely attitude of the animal in life, 
as it is a better adaptation 

However it is difficult to imagine how the otupital spines wete 
accommodated in D monstrosus Clarke (1892 PI 2 figs 1 2) and 
the Richters (1930, fig 6) show that these spines were recurved to 
an extreme degree, and so the animal must have remained partial!} 
enrolled, or its body must have been at neaily light angles to its 
head Both these attitudes are amazing, especially foi a planktonic 
form This appears to be an example of a specialisation being earned 
to exti ernes, and so becoming a liability instead of an asset 
It has been suggested that these occipital spines were the beginning, 
in this group, of the provision of a thoracic cover (cf extant 
Crustacea) When Dtcranurus was enrolled these strong long spines 
did provide some protection for the thorax, but they appear to have 
been a disadvantage when the animal was not enrolled 
Genal Spines Reed (1925, p 423) has drawn attention to the 
phenomenon of genal spines which nse from the dorsal surface of 
the free cheeks instead of being projections of the genal angles as is 
usually tht case He questions whether these genal spines are really 
homologous with the usual genal spines The alternatives appear to be 
(a) That the spines are outgrowths of the rolls of the free cheeks, 
or the hypertrophy of tubercles thereupon One may compare here 
the probable origin of the occipital spines from tubercles on the 
occipital segment 
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(b) That the spines are true genal spines (being outgrowths of the 
margin of the exoskeleton in the same way as the thoracic spines 
are), but whose bases have extended back over the surface of the 
free cheeks. 

I incline to the latter opinion (in the case of D kinglakensis at 
least), because there is no genal angle underneath the spine. A 
specimen giving a good lateral view of the free cheek shows that 
the lateral and posterior margins of the fiee cheek curve in quite 
strongly under the spine, rising to flow outwards as its ventral 
surface. If a free cheek with normal genal spine were made of 
plastic material, and the spine then pushed in towards the eye, the 
structure would simulate that found in D. kinglakensis If the spine 
in this species were an hypertrophy of a ilorsal tubercle or otherwise 
an outgrowth of the dorsal surface of the free cheek, then one would 
expect to find a more or less normal genal angle, even if somewhat 
fused with the spine above. 

Pygidiuw. A point of interest in Dicranurus which one has not 
seen commented upon is that the deflection of the segments fused 
in the pygidium is not marginal (as in the thorax), but about half-way 
between the pygidial rachis and the margin of the pygidium. This 
suggests that in the fusion of the elements of the cxoskolcton that 
form the pygidium, the coalescence extended beyond the pleurae so 
affected, and filled in between the deflected pleural spines, thus placing 
the angle of deflection upon the surface of the pygidium instead of 
at the margin. Such a deflection of segments in the pygidium is rare 
among trilobites. 

Palaeoecology 

Dicranurus kinglakensis occurs at Davies' Quarry, Kinglake, in a 
band where it is associated with a number of other trilobites. Not 
far from the trilobite band is a coral band in which fJndstrocmia and 
Pleurodictyum predominate. Corals are an inconspicuous element 
in the trilobite band, and the trilobites a minor feature of the coral 
band In sorting out loose blocks on the floor of the quarry, one can 
readily say from which hand each fossiliferous block comes The 
matrices appear to be the same, but obviously there must have been 
some definite ecological difference. The similar matrices show that 
there was a similar mud floor in each case. As the corals arc affected 
so conspicuously, temperature may have been the variant. A warmer 
current may have encouraged the development of corals at one time, 
and a cooler current favoured the trilobites at another . 

The structure of Dicranurus kinglakensis indicates that its habit 
was planktonic (cf. Ruedemann, 1934). It is remarkable how such 
forms are often limited in their geographical distribution as far as 
their apparent fossil occurrence is concerned Dicranurus has been 
found in the Kinglake area only of the Yeringian, just as Acanthopyge 
australis (McCoy) appears to be limited to the Killara area, although 
common there and a planktonic form (Gill, 1939). On the other 
hand, mud-loving trilobites like Phacaps seem to be ubiquitous in the 
Yeringian Series 

In Davies’ Quarry there is a third band presenting yet another 
quite distinct assemblage. It is characterised by numerous echino- 
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dfctras (carpmda, crutwds, and probably Wa*tOHf»), Mt*ro*0# 4#*r- 
fish and brittle Stars) and tnlobites No starfish waa fouad m the 
other two horizons, and the only echifioderms were ennoids 

Note on the Subgenus Bounyongie 

The icfemng of Ccratocephala longupma m this paper to the 

S enus Dicranurus brings into question the standing of the subgtnus 
)ounyong\a (Etheridge and Mitchell, 1917 pp 497 8) The type 

S eamens (PI 26 figs 12 13 PI 27 fig 14) have been examined, 
ey are somewhat crushed They arc not referable to the genus 
Duramrur because the cephalon is broader anteriorly than pos 
tenorly the free cheeks are fused to the cramdium the spine bases 
are separate and the eyes are pre central Cowper Reed has men 
turned the imperfection of the specimens (1925 p 417) and Warburg 
(1933 p 14) has expressed doubt about the feature on which the 
subgenus was based i e the emergence of spines from the glabella 
After examining the specimens I am in agreement with Warburg 
that the spines are occipital and therefore present no new feature 
upon which a subgenus could stand Both specimens show a pro 
mrnent cential tu!>ercle m the area between the central portion of the 
glabella and the spine bases such as is seen in LHcranurus As the 
subgenus was founded on a misinterpretation it must now lapse 
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3 —A Fossil Crab from the Lakes Entrance Od Shaft f 
Gtppsland, Victoria 

By IRENE CRESPIN, B A 

[Read 6th June 1946] 

Introduction 

During the sinking of the Lakes Enhance Oil Shift situated in the 
Parish of Colquhoun about 2 miles noith cast of lakes Entrance 
township 198 miles east of Melbourne a very large quantity of 
sedimentary material was excavated and many well preserved fossils 
were discovered 

The shaft was sunk tn the depth of 1 212 feet and during operations 
a unique opportunity was afforded the palaeontologist to collect suites 
of fossils fiom the various stratigraphic horizons through which the 
shift passed The wliter paid frequent visits to the site to make 
observations on the stratigraphic sequence and to collect f lssiliferous 
material At the same time members nf the staff at the shaft were 
constantly on the watch for specimen of large fossils and it was 
due to the keenness of ceitam of these men that the remains of a 
fossil crab were discovered 

Two carapaces and a chela were foun 1 at a depth of 1 000 feet in 
brown fine grained sandy and micaceous marls characteristic of 
the Janjukian Stage of the Middle Miocene in the I akes Entrance 
\rea (Crcspin 1943 ) Thev were issociated with an assemblage 
of micro fossils which are typical of Janjukian deposits elsewhere in 
Victoria 

The disco\uy of remains rf \ decapod ciustacean referable to 
the genus Harpactocarcmus in locks of Middle Miocene age in 
Victoria is of some importance The only other crab previously 
itcorded from the Victorian Tertianes is Ommatocarcxnus conoensxs 
(Cresswell) which was found in the Miocene deposits at Cono Bay 
neai Ceelong (Cresswell 1886) It was considered that the genus 
Horpact carcittus had a restricted range from Focene to Oligocene 
Two species H amerxeanus and // rathbunae have been recorded 
from the Eocene f Texas (S enzel 1934) and one species H 
tumuiut was descnl ed from the Upper Oligocene beds at Wood 
pecker Ray Prighton South Island New Zealand (Woodward 
1876) However in a personal communication from Dr Marwick 
of thi. Geologic d Survey of New 7eiland he stated that specimens 
of a crab piohibly referable to Harpactoearctnuv had been dis 
covered in beds of Middle to Upper Miocene age in New 7ea1and 

The type specimens of Harpactocarctnus iictonensis aie housed 
in the Commonwealth Palaeontological Collection Mineral Resources 
Survey Canberra 

The plate which accompanies this paper has been prepared by Mr 
F Crisp of the Department of the Interior Canberra to whom I 
express my thanks “7 
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Description of Species 

Order DECAPODA 
' Family XANTHIDAfr 

Genus Harpactocarcinus Milne Td wards 1862 
HaRPACTOCARUNUS VICTORIh nsis sp nov 
(PI it JV figs 17) 

Holotype Carapace pieserved partly with armour m place and 
partly is internal mould Cai ipau vtr) tumid from finnt to back 
especially m branchial and gastric regions Whole of surface finely 
granulated Frontal portion broken and partly obscuied by matrix 
frontal margin is narrow span between oibits meisunng IS mm 
Orbits are shallow and rounded Lateral angles of tpibranchial 
border marked by 1 lunt and rounded denticles The under side of 
carapace shows bioad ibdomen suggesting a fern lie form The list 
segment of the alxl )men is broadly triangular in shape Other seg 
ments are indistinct 

Width of i u ipacc 85 mm length fiom it strum to posterior 
border 78 mm length along cuive of carapace 90 mm greatest 
thickness 35 mm 

pARATYprs 1 C ai ipace pieserved chiefly is intei nal mould 
Carapace fl ittei than in holotype covered with fine granulations 
Posterior bolder hroken 1 rontal portion also broken but indie itions 
are tint rostrum short The livisions lietween the branchial cirdiac 
and gastnc legions ire very slightly indicated by undulations of the 
surface of the ciripicc and by i slightly roughened and incised line 
petalloid in sh pi of short oblique markings on the side of the 
gastnc region 

On the under side the sternum is fairly well pitscrved The 
longitudinal median gro ve of the sternum shallru The first 
segment of the sUrnum is broadly V shaped from in front of the 
abdominal tip to the anterior margin of sternum 1 he il dimen is 
not pieserved The four pairs of simple monodactylous feet arc 
present but have been 1 roken 

Width of carapict 89 mm length from rostrum to broken 
posterior bordei 75 nun length dong curvt of caiapact 80 mm 
thickness of carqme 25 mm 

B Right Chela Chela pusened as internal mould with a few 
fiagments of irmour in place incomplete robust and cohered entirel> 
with fine grinulations K< ughly tnangulai in shipe Proximal end 
conti acted distil end broad Outside surface stiongly com ex inside 
slightly convex in centi d porti n with a dtpressun towards proximal 
end neai outer maigin Outer maigm stronglj cuived towards narrow 
proximal end Inside mirgin neailv straight but tapenng towards 
proximal end Both fixed finder and dactylns broken 

Length of palm 50 mm width at proximal end circ 12 mm 
width at distal end 37 mm thickness of palm near distal en 1 27 mm 

Obs*rvations This new species of crab from the Middle Miocene 
of Victoria closely resembles Harpactocarctnus iumtdut described by 
Woodward from tht Upper Ohgtxene of New Zealand (Woodward 
1876 ) In H inctonennv the carapace is covered entirely with fine 
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granulations, whereas in H tunwd\is> only the posterior part of the 
carapace is completely granulated the anterior portion being smooth 
There is also a difference in shape of the petaiknd markings on the 
carapace of H vtctonensts (only visible on paratype) and H tumtdus 
The area between the tips of the two petals are broadly V shaped in 
the former and broadly U shaped in the latter The holotype of the 
Victorian species is slightly larger than the New Zealand form, and 
shows a greater depth when measured along the curve of the carapace 
The paratype exhibits less tumidity than either the holotype or the 
New Zealand species 

Occurrence In brown fine giained, sandy and micaceous marls, 
Lakes Entrance Oil bhaft Gippsland Victoria, at the depth of 
1,000 feet 

Holotype Comm Pal Coll No F 15,644, Type No 318 
Paratypes Carapace Comm Pal Coll No F 13,692, Type No 
319 Chela Comm Pal Coll No F 15,645, Type No 320 
Ace Janjukian Stage of the Middle Miocene 
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4—A Critical Review of the Lower Palaeozoic 
Succession of Tasmania 

By D. E. THOMAS 

[Re*id 13th June, 194(5] 
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Abstract 

The literature dealing with the Lower Palaeozoic rocks of Tasmania ia 
reviewed and attention is dnwn to thi changing ideas of the correlation 
of these rocks and the reason* for these cl aufcts It is pointed out that until 
detaded fossil collections are eximin d by modem palaeontological methods, 
the true sequences cannot be determined or the stiuctural problems fully 
appreciated It is suggested that the Cambrian follows the Proterozoic 
probably conformably that the Ordovician is separted from the Cambrian 
uv a di&striphic pi nod ind the tame applies to the Silurian and Ordovician 
although in this *.a*e the aqc of the basal beds of the Silurian the West Coast 
Range Conglomerate* his net been determined Hiere is a conformable 
passige to the 1 ower Devonian which corresponds to the Victorian \enngian 

Introduction 

During my short tei m as Government Geologtst for Tasininta, much 
thought was devoted to the I-ower Palaeozoic Succession as the 
metalliferous deposits are confined to these rocks It soon became 
evident that the ideas as to the sequence had changed so often that 
the evidence that gave use to these changes had to be assessed It 
was intended to study some of these problems m the field, but owing 
to my return to Victoria this was not possible These notes are 
intended as a summaiv of the scattered hteialurc on this problem, 
to draw mention to some of the problems yet to be solved to the need 
for fresh evidence and its study by modem palaeontological and 
stratigraphicnl methods 

Historical 

Three main periods may be consideied 

(i) First Period from 1860 1910 This embraces that period when 
field work was actively supported by identification of the foasds 
during these surveys Thus Gould sent fossils to Salter and McCoy, 
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Johnston identified many himself and Stevens sent his to R. Etheridge, 

t ‘un. Twelvetrees and Ward sent their fossils to be identified first 
y R. Etheridge, jun., and then by W. S. Dun, but after 1910 the 
fossils lists are for the most part merely repetitions of these earlier 
ones. 

(ii) Second Period , 1910-1930, Very little systematics on fossils 
was carried out during this period, due to the unfossiliferous nature 
of much of the country examined, and to a concentration on mining 
properties to the exclusion of strati graphical problems. During this 
period only occasional papers dealing with palaeontology appeared, 
and these were mainly by F. Chapman dealing with isolated occur¬ 
rences. 

(iii) Third Period, 1930 omvards. The date of the commencement 
of this period can be regarded as only approximate The events that 
initiated it may be taken as the realisation that the porphyroids were 
probably post-Silurian, due to the work of P, B. Nye, K. J Finucane, 
F. Blake, and Q. J. Henderson (mostly unpublished); to the descrip¬ 
tion of fossil plants by Dr. I. Cookson and the redescription of some 
Ordovician fossils from published accounts by T. Kohayashi. This 
was advanced further by the field work of A. N. Lewis, in the 
Junce area, when he sent fossils from this district as well as some 
from Caroline Creek to Kobayashi. Then came the work on the corals 
by Dr. D. Hill and the discovery of “dendroids” in Dundas Slates. 

First Period, 1860-1910 

Charles Gould: The first geologist to unfold, in any systematic 
maimer, the structure of the lower palaeozoic rocks in Tasmania was 
Charles Gould, Government Geologist 1860-1870. In an exploratory 
journey which must rank high in the history of Tasmanian develop¬ 
ment, Gould in 1860-1862 mapped the country between Lake Si. Clair 
and Macquarie Harbour, and thence northward across the Eldon 
Range and the Murchison to the Van-Diemen’s Land Company's 
holdings in the north. In his reports of these journeys Gould records 
the main outlines of the lower palaeozoic formations developed in 
Tasmania and the most characteristic fossils of the more important 
members. 

In 1860 Gould recorded a group of fossils from the western half 
of the Eldon Range to the Collingwootl Rivei, which shows that in 
this area is a group of rocks identical with those now called the 
Queen River Slate and Sandstone series and the Gordon River Lime¬ 
stone series. Among the fossils he identifies Calymene, Orthis and 
Cardiola. Calymene from Tasmania lias not been figured so it is not 
possible to check this identification. 

In 1861 Gould reported on the Mersey Coalfield and records the 
discovery of a fragment of a small trilobite at Caroline Creek. The 
beds in which this was found (termed by him ferruginous sand¬ 
stones) were recognised to be in close stratigraphical association with 
the limestones of the Don Valley (Melrose) which he placed im¬ 
mediately below the Caroline Creek sandstones, the latter being suc¬ 
ceeded upwards by conglomerates. In the footnote obviously added 
to this report after his visit to the West Coast, Gould laid the 
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foundation of an error which led to subsequent confusion He states 
that after his work in the Mersey Valley he regarded the Don lime 
stones as low tn the palaeozoic succession but after a visit to the 
Great Bend of the Gordon and the Florentine Valley he considered 
the limestones occurring there a> identical with those of the Don 
Valley (in this he was quite correct) but as the fossil evidence 
yielded by the limestones at the mouth of the Gordon (Macquane 
Harbour) which he regarded as identical with those at the Great 
Bend (this in error) showed the Macquarie Harbour occurrence to 
be high in the Silurian he elevitcd the Don Chudleigh limestones to 
that position (Gould 1861) 

In 1862 Gould published a repoit on Macquarie Harbour stated 
to be of a general nature only lie took the beds of limestone as a 
key and enunciated the theoiy that Western Tasmania showed a 
senes of parallel north south folds producing a lepetition of beds from 
east to west 

A considerable list of fossil* is given These were taken from a 
collection made earlier by Dr Milligan (see Johnston 1888 p 62), 
supplemented by those gathered by Gould from the two beds of 
limestone—one near the mouth of the Gordon the other at the 
junction of the Gordon and hranklin Riveis extending several miles 
thence up both valleys (See map acccmpanying the repoit) Gould 
stated that he considticd these limestones wcie identical with those 
at the Great Bend but did not advance any arguments in support 
of this view He considered the limestone to be underlain by sand 
stones and grits and below these occurred a bed of conglomerates 
(clearly from his descnptions what we know now as the West Coast 
Range Conglomerates) He placed the Lldon Valley mudstones as 
higher than the limestones and records that some similar rock out 
crops at the mouth of the Gordon (It may be stated here for the 
sake of claiity that the Lldon Valley Senes of Gould is what is 
now known as the Queen Rivei Slate and Sandstone benes his 
limestone at the mouth of the Gordon is the Gordon River Limestone 
Series the underlying grits and sandstones are the Quartzite Senes 
and the conglomerates the West Coast Range Conglomerate Senes ) 
bo Gould had as early as 1862 a clear view of what may be termed 
the Silunan succession His con elation of these beds with the 
Don Chudleigh limestones and the associated Caroline Creek Senes 
was followed by some subsequent workers and this has led to some 
confusion as the latter have since been shown by fossil evidence to be 
basal Ordovician 

Gould s final contnbution was in 1866 when he recorded the fossils 
which he stated had been identified by Professor McCoy Unfor 
tunately complete lists were not given and Johnston (1888 p 62) 
stated that he failed to locate these lists elsewhere in any of our local 
records Gould s list includes the following 

Orthoceratitea 

Lituitei 

Halyiites 

Favoutes 

Raphi stoma 

Orthis 
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KhynchoneUa 

Euomphslus 

Murchisonis 

Other collections had been submitted by Gould to Professor W. J. 
Salter and 21 species were given manuscript names. These were 
included in Bigsby’s "Thesaurus Siluricus” and in the Catalogue of 
Australian Fossils by R. Etheridge (1881). They were also listed 
by Johnston, who states (1888, p. 62) "we are unable to determine 
to what extent the species still preserved in the Tasmanian Museum 
are included in the list. . . . ” 

T. Stephens and R. Etheridge, jun. 

T. Stephens (1874) investigated the Caroline Creek district and 
made a collection which was subsequently described by K. Etheridge, 
jun. (Stephens 1882). At the same time Stephens forwarded to 
Etheridge a small collection of fossils from the Table Cape Con¬ 
glomerates, and these were described in the same report. This paper 
by Etheridge (1882) contains the original descriptions of many 
Tasmanian Tower Palaeozoic fossils. 

It should be noted that Silurian then included the Ordovician and 
Silurian of modem usage. Although Lapworth proposed the term 
Ordovician in 1879, as a compromise between the views of Murchison 
and Sedgwick, the absence of the term Ordovician, except in the 
table in Johnston's Geology (1888) indicated that the division was 
not recognised in Tasmania at that time. The fossils described by 
Etheridge fall into two distinct groups—(a) from Caroline Creek and 
(b) from Table Cape. It is now known that the Table Cape Con¬ 
glomerates are of glacial origin and Permian age, so the discovery 
of fossils in included pebbles is of no great assistance in unravelling 
Tasmanian stratigraphy. 

The following are the determinations:— 

Gioup (a). 

Conocephahtts f Stcphensx 
Dikelocrpkalus lasmanicfis 
Asaphus (two species) 

Piychoparxat (three species) 

OphiliteT 

(For a revision of the above see Koba>aahi, 193(5) 

Group (b). 

Pcntamerus Tasmaniensis (Eth fil.). 

Various Spwxfers 
Strophomena. 

TentocuHtes . 

These latter determinations indicate that these pebbles arc derived 
from beds in Gould's "Eldon Group ” Etheridge assigned an Upper 
Cambrian age to Group (a) and Upper Silurian age to Gropp (b). 

R. M. Johnston. 

The next writer was R. M. Johnston, in the Systematic Geology 
of Tasmania published in 1888. There we find for the first time in 
Tasmanian geological literature a comprehensive account of the lower 
palaeozoic rocks. In 1885 Johnston published a short paper which, 
however, has been largely incorporated iiito his Geology. He mentions 
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the fact that Gould’s specimens were identified by McCoy (a fact 
indicated bv Gould but without reference to McCoy's actual report 
on the specimens), and that Gould icgarded these Gordon River 
limestones as at * the very base of the lower Silurian of Europe, 
inteilor lo the desuibed fossilifuou^ beds of Victoria as well as 
the Calyniene con taming beds of the Eldon Valley ” Tht fossils 
show, however, that the beds are Silurian in age, and not at the base 
of the lower Silurian (=Ordovician of modem nomenclature) John¬ 
ston also mentions the earlier determination by Professor Salter in 
1868 of 28 species These are all fossils typical ot the Goidon River 
Limestone Mute but the exact locality of the collection does not 
appear to have been recorded, and the list of Saltei s description 
copied by Johnston in the paper undei discussion is unaccompanied 
by illustrations Johnston gives figures of many of these genera in 
Plates IV, V, and VII of his Geology, but as he docs not ciedit 
Saltci with any of the types theie illustrated it appears as if he 
figured other specimens for this work 

The fossils described by Salter as Stiaparollus and figured by 
Johnston (Geology Plate V) are moie typical of the Junee suite 
(to be described later), but the others are typical Gordon River 
forms Salters collection may thus have come fiom moie than one 
locality 


Tails 1—Summarising Johnston's Ideas as to the Geolocicai Succession 


UPPER 

SILURIAN 

(—blturlan of 
modem uugr) 

ELDON 

GROUP 

1 Ingal Slates 

Eldon Valley Clay Slates and Mud 
■ton** 

Dial Rang*. an \ N W < oast Con 

glnrati atLi 

Queen River format Ian 

LOWER 

SILURIAN 

(It Ordovician 
of modern usage) 

2 Gordon River Group 

roeeitifeiouT limtvtonee Unite grits 
on glome rat«i and quaitiow, eand 
nee at Point Hibbe 

TrankUn River 

Flm ntir Valley 

1 Auriferous Slate Group 

Aunfuoit felspar porphyilet Ljm> 
lngton Aurifeioua elate* etc 

Beaconifteld Leftoy the Don 

Waterhouu Denlnn Back Creak 
Gladstone MathJnna, Mangana 

Mount Victoria. 

CAMBRIAN 

2 Primordial Calclftnnu 
Group 

2 Kafof Group 

1 Dlkdoetphahis Gioup 

Llmeetone* of ChudMgh Bel voir 

Ilfracombe etc 

bandetonen and alum adnata of Chud- 
lelgh (Magog Range etc ) 

Caroline Creek grit* and *an<ktones 


The palaeontological evidence given by Johnston is summarised 
below — 

Cambrian 

Dtkelocephalus Group (The fauna of this group has been reviewed 
in detail by Kobayashi and no useful purpose will be served by listing 
the old names ) 

Maqog Group No fossils were found, but he maintained the rocks 
were closely related to the I)ikclocephalu9 Group" and may yet prove 
to be the same 
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Primordial Cvkiferous Group These rocks had yielded no fossils 
and he expressed doubt as to the position of these Cambrian rocks 
He considered that at Don Chudleigh and Magog Mountain the 
sandstones and limestones are closely in association with the 
Dikelocephalus bearing Caroline Creek Group He notes that Gould 
started with this idea but later correlated these limestones with the 
Gordon River limestones Johnston reverts to Gtiuld s original idea 

Lower Silurian (Ordovician) 

Aunferous Slate Group He mentions the Beaconsfield slates and 
grits with Licrophycus and at Lisle Dtplograptus nodosus (not now 
accepted) and a bed replete with orthis 
Gordon Rtver Group Johnstons remaiks (1888 pp 61 63) arc a 
repetition of his 1885 paper and he adds nothing to the observations 
of Gould McCoy Salter and Etheridge there recorded 

Upper Silurian 

Eldon Group—Queen Rtver formation 
Johnston identified 

Sptnfera ertspa (Hesingei) (sic) 

6 phcatella (I inn) 

Orthis flabelium 
0 elegantula 

Dial Range and North Wisi Coast Conclomlratl 

He points out that the fos ils in these were denved fiom the Queen 
River formation It is n >w c nsidued that the Dial Range is capped 
by the West Coast Range Conglomerate vhilc the noith west Coasi 
Conglomerates are of glacial r ngin and Permian age 

Eldon Valley Clay Slaies and Mudsionls 
Johnston merely repeats Gould a obsenatirns f talymene Orthis 
and Cardiola etc 

Fingal Slates 

The only fossil mentioned is t speues :>f inodonta closely 
resenlbling A Jukestt found in the Devonian locks of Iiehnd (p 67) 
(In his comparative table (p 78) he also includes these beds in the 
Upper Devonian and mentions the soft slates Tingil with inodonta 
Gouldn and undetermined plant impressions and lefeis doubtfully 
to the Devonian age of the Eldon Valley mudstrnts The high 
position of die Eldon Group and the bing'd Slates appears to be 
supported by additional information obtained m recent years ) 

Johnston figured many )f these fossils which may be assigned to 
horizons in Nye and Blake s 1938 classification as follows — 

Plate 1 Caroline Cietk Series 
Plate IV Gordon River 1 imestonc Senes 
Plate V Gordon River I imestone and Queen Rivet Slates and 
Sandstone Senes 

Plates VI and VII Queen Rivei Slates ind Sandstone Senes 
and Discoidal Senes 
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R Montgomery and R Etheridge, jun 

The next important contribution to the unravelling of the Cambro 
Silurian succession in Tasmania was made in 1896 again by R 
Etheridge jun R Montgomery then Government Geologist, collected 
a suite of fossils from Zeehan and Heazlewood Etheridge described 
this compi ehensive collection and very few collections of lower 
Palaeozoic shelly fossils have since been fully descubed from 
Tasmania 

Trilobita 

Asaphus 

Hausmannta mendumus Fth jun and Mit 
Amphton f brevtspinus hth jun 
lUacnus Johnstom Eth jun 

From Despatch Limcstouc /cehan 
Cromus Murihisont Dc Kon 

tram blue grey schistose rock Zeehan and from Heazlewood 

Gastcroioda 

Murchxsonia DArch and D< Vern 
Lophospira Whitfield 
Raphxstoma Hall 
hunemo Montgomerie Eth jun 

Bralhiopoda 

Rhynclto ella d cemphcata Sowcrb> 

R cuneata Dalman 
R capax \ar meridionals 1 th jun 
R borealis Schlotheim 
Stroph mena sp Rafinesquc 
Strophcodonta sp Hall 
Fteropoda 

rentaculxtes Schlotheim 

Corals 

bavos t grandipora Eth jun 
Plcnrodtctyumf Goldfuss 

Vermes 

Cornul tes rasmameus Eth jun 

These fossils are typical of the rocks above the West Coast Lange 
Conglomerate Senes 

R Etheridge and T Stevens 

The next advance was a description by Robert Lthcndgc of a new 
find of tnlobites by Thomas Stevens from Florentine Valley (Ethendge 
jun 1904) 

He described a new species of tnlobite Dikelocxphcdus florcnttnensis 
Eth jun (now Asaphopsxs florenUnensw (Eth ) see Kobayasht 1936) 
and recorded the form now known as Tasmanocephalus Stephens 
Ethendge He also figured specimens of Orthxs lentoculorts Wahlen 
berg which is typical of these beds These descnptions establish the 
close similarity between the Florentine Valley series and the Caroline 
Creek senes 

W H Tweevetrees and L K Ward 

In 1900 1901 W H Iwelvetrees contributed a valuable summary 
of our knowledge of Tasmanian Geology the first since Johnstons 
Geology had appeared in the Outlines of the Geology of Tasmania 
In this work he placed the Caroline Creek sandstones as Cambnan 
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and grouped all the other known lower palaeozoic rocks as Silurian 
At the base of this group he placed the Gordon River Limestones 
which he grouped with the Railton Chudleigh I imestones etc and 
the Beaconsfield Lefroy Mathinna slates and sandstones All these 
he termed Lower Silumn The balance weie placed in the upper 
and middle Silurian and included the I yell schists conglomerates, 
etc Dundas and Mt Read slates etc hiachiopod sandstones of 
Middlesex Heazlcwood Queen Rivei and /eehan in that order 
In 1907 1908 Twelvetrees and Ward inspected a section of country 
over which the Great Western Railway Company was asking for con 
cessions This extended fiom Glenora to the Serpentine and via King 
William Range to Linda thus giving in east west section across 
the country occupied by lower palaeozoic locks llus section which 
included the tnlobite l>eds of the Florentine valley will be dealt 
with later Their obseivitions liowevti uniain is the only detailed 
report on much of the country covtred (1 welvetrecs 1908) 

In 1909 Twelvetrees contributed obseivations on the mining fields 
of the north west dealing with the older tocks of the I ower Palaeozoic 
succession and in 1910 in collaboi ation with Ward with the youngei 
rocks of this succession in the Zcehan aiea 
His 1909 papei was written after his discovery of the tnlobites 
described by Etheridge (1904) who hid referted them to the Upper 
Cambrian He discussed the relationship between the Caroline Creek 
and Railton limestones regarding the Caroline Cieek sandstones at 
Blenkhom s quarry Railton is passing apparently conformably below 
the Lower Silurian limestone (Cotdon River Senes) He recorded 
v tnlobite fragment from the quart y and Kaphistoma from Railton 
township 

Kt Gunn s Plains he descnbed the limestone as lesting on a senes 
of cherty conglomerates breccias tuffs and chc colate coloured slates 
and descnbed a conglomerate senes fiom the Leven Goigt which he 
differentiated from the West Coast Range Conglomeiate Senes 
He correlated the Leven series with the conglomerates outciopping 
at Penguin and he considered the conglomerates of Stowport and 
Blythe iron mines to be part of the same group He also correlated 
the Gunns plains limestone with that at Mole Creek and assigned 
them both to the Gordon River Senes He recoided the occurrence 
of Actinoceras in the Railton limestones which he correlated with the 
Gordon River Series on Gould s palaeontological observations but 
agreed with Gould that it is at the very base of the Lower Silurian 
(le, Ordovician) A useful comparative table of succession is given 
on page 35, and this appears substantially upheld by observations 
to the present date with the exception of the correlation of these 
lintestones with the Gordon River Senes 
Twelvetrees from time to time published most useful summaries of 
the stratigraphical Geology of Tasmania bringing his ideas on the 
succession up to date The last of these was published in 1909 and 
was generally accepted until the publication of a summary by P B 
NyeandA N Lewis in 1928 In his 1909 Outlines (p 122) Twelve 
trees stresses with full reasons his view that the West Coast Range 
Conglomerate Series lies well below the Caroline Creek series and 
assigns a position low in the Cambrian foi this He recognises that 
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the West Coast Range Conglomerate Senes is succeeded first by the 
Tubicolar Sandstones and that rock by the Discoidal Sandstone 
The Dun das and Leven slates and breccias or the considerable beds 
round Tim Shea and Mt Mueller towards the south-east are among 
his "incertae sedis ” Twelvetrees gave an Ordovician age to the 
Gordon River limestones (based on observations at Railton) and 
classified all the major beds of lower palaeozoic limestones as of this 
series Succeeding this he placed the Fingal Mathinna Warrentina 
suite of rocks, also assigning them an Ordovician age He assigned 
a Middle Silurian age for the Eldon Valley-Queen River-Zeehan- 
Heazlewood limestones and sandstones from which fossils had been 
obtained, but recorded little in the way of data bearing on the 
succession of different stages or rocks of different localities in this 
group 

SlLURIAN 

Eldon Valley Clay Slates 

Fossiliferous limestone, sandstone and slate at /eehan Hea tie wood, 
Queen and Nelson River, etc 
Ordovician 

Slate and Sandstone in the Goldfields of Lcfroy, Mt Victoria Mathinna, 
Mangana 

Limestone on the Gordon, Florentine etc, at Railton, Mole Creek, 
Beacon s fie Id etc 
Cambrian 

Incertae sedis 

Dundas slates and breccias the Dial Range and Leven slates, etc 
the fclspathic porphyries of Mt I yell etc 
Slate* and sandstone at the Needles and near Mt* Mueller and 
Wedge 

Dikelocephalus sandstone at Caroline Creek etc 
Discoidal sandstone, Loddon River and Caroline Creek 
Tubicolar sandstone at Middlesex Five Mile, etc 
Conglomerates of the West Coast Range the Thumbs 
Pu Cambrian 

Amphibolites and quartzitic schists etc 
In 1910 a revision of the rocks around Zeehan was made by Twelve- 
trees and Ward Their .succession is as follows — 

Silurian 

8 Pale and dark coloured slates and sandstones 
7 Sandstones pebbly grit, and greenish grey slate 
6 Limestone 
5 Shale and slate 
Undetermined (Ordovician >) 

4 Sandstones and slate of the Nubeena and Queen Hills 
Cambro-Ordovician 

3 Tuffs breccias spilitic lava flows slates and sandstone* 

Cambrian 

2 Tubicolar sandstone 
1 West Coast Range Conglomerate scries 

The low horizon of the Conglomerate senes was based on the 
assumption that they were identical with the Denison Range Thumbs 
rocks (le, outcrops near the Great Bend) Their position inferior 
to the Dundas Slates is also not acceptable to later workers 
Their lists of Silurian fossils are interesting and are given below 
Those from the limestones and determined, for the most part at 
least, by R Ethendge, jun > are — 
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Tiiloeita 

Asaphus sp md Despatch Limestone 

Hausmantna ntertdtanus (Eth ft Mit) Despatch Limestone 
lllaenus Johnston i (hth ) Despatch Limestone 
Amphwn (?) brmsptnus (Eth) Despatch Limestone 

Cephalopoda 

Orthoccrai sp Despatch I imistone 
Gasteropoda 

Troehonewa ( hunema ) tnontgomeni Despatch and Smelters 
Raphistoma spp Smelters 
Hormotona sp Smelters 

Pelycypoda 

Leptodomus (?) muciformts (Eth) Despatch 
Pdoeonedo sp Smelters 
Beach iopoda 

Rhynehonella borealis var nov Smelters 

Vniiu 

Comulttes Smelters 

COELENTEEATA 

Favosttes (?) Smelters 

The list by W S Dun, from the overlying bed*, is largtr — 

Teilobita 

Calymene (close to if not identical with C blumenbaehu (Brong) ) 
Crowns murchxsonx (de Kon) Mit 
Jfausmanma vtendwnalts (Eth ft Mit ) 

Cephalopoda 

Orthoccras sp 
Actmoceras sp 

Pteeopoda 

Tentaculttes sp 

Gastropoda 
Mure ht soma 
Raphistoma sp 
Lophosptra spp 

Pelycypoda 

Telltnomya jon si (Johnston) 

Brack iopoda 

S irophomena sp 
Dalmanella sp • 

One of the Mcnstidac 
Lamaroioerhia sp 

Pentamerus tavmanu niu m (Johnston) 

Spxnfera of tin S sulcata group 
Spvnfera of the $ instata group 
Strophodonta sp 

Ttt matospira tasmantensis sp nov 
Rhymkonella borealis var nov 
Retsia (?) 

Vfemfs 

Cornu lit is tasmameus (R Ftli ) 

Annelida (*) (Pipestems) 

Crinoidea 

Cnnoid ossicles stems etc 

COKI ENTREAT A 

/aphcntroid or Cvathophylloid (casts) 

Halysites (casts) 

Favosttes (casts) 

Pleurodtctyum 
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He gave the lange of the various forms and concluded they 
indicated i Silurian age though most probably low for the Zeehan 
rocks 

These lists ate impoitant as very little palaeontological work has 
been carried out on these shelly faunas since this date so that they 
form the basis of the faunal lists which have been quoted later 
Tt is very unfortunate th it many rf these forms have not been 
described or figured and ill will need levision on modem palaeonto 
logical lines The geneial similatity to the 'S enngiin of Victmia is 
very noticeable so that the beds arc higher in the sequence than 
generally accepted 


Second Pfriod 1910 1930 

In the earlier period strati graphical and palaeontological investigation 
went hand in hind The results of the studies of the mining fields 
appear for the most part in the Bulletins of the Geological Survey 
which commence in the )ear 1907 In the eailiest of these attention 
is paid to palaeontological uUntificatu ns but ifter 1910 attention 
was ern cnli tel on nun ng problems rather than stratigraphic ones 
It is not inttndtd to refer to all these reports but only to those that 
first advance new ideas 

I K Ward m 1911 contributed a description of another group 
ot lower palaeozoic rocks which he called The Balfoui Slates and 
Sandstones and to which he assigned a Cambio Ordovician age 
based on the fact that they are penetrated by basic dyl es (at that 
time provisionally considered to be Cambro Ordovician) Associated 
with the Balfour Slates and Sandstone senes are conglomerates and 
some limestone both of unidentified age 
The next impoitant contnhution was made by Loftus Hdls in 1914 
Hills working in the Jukes Darwin kange subdivided the West Coast 
Range Conglomerate Series into i lowei brtcciated conglomei ate and 
an upper oi noimal eonglomente He considered that the lower 
brecciated congloment< eontamc i fiagments of the porphyroid igneous 
suite at that lime thought to be Cambro Ord< vician and considered 
that the breccia a nglomeratcs rested uncc nformably on the upturned 
edges of the porphyroids He legarded Ihc two stages of the senes 
as conformable ind recorded Silurian sediments identified bv their 
fossil eontents n loth sides of Liu Range (as is the cisc. further 
north) He then (p a9) advanced re&sont> for placing the whole 
West Coast T ang ( nglomeiate Senes between the porphyroids 
and the Gord n River Iinustrne Sen s discussing and rejecting a 
numbei of rther ] ossihihties Hills tl en ga\e a pre Silurian ige to 
the West Coast Range Conglomerate Senes the deposition of which 
was preceded by i main ptn 1 of diastrophism Similar featuics 
and lehtionship of the West Coabt Conglomerate Senes at Mt 
Muichison weie lattr recorded 1> the sunc writer (Hills 1915) 

The Dundas Slate Scnts was described by Hartwell Condcr (1918) 
who u.gaided them as ( amoro Ordovician on the slender evidence 
of the graptohu thecie (iecordcd by T S Hall in 1902) found in 
rocks of this senes (n the North West Dundas tram line 
The Dun las Slates and West Coast Range Conglomerate Senes as 
developed in the notih west (south and west of Sheffield and Wilmot) 
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were described by Macintosh Reid (1919) who established an un 
conformity hert between the Dundas Slates and the West Loast 
Range Conglomerate Series and indicated that the latter ire suhsi 
quent to the porphyioid group of igneous rocks Somt Silurian 
tnlobites Rhynchonella ana Orthxs were identified fiom clayey sind 
stone assoented with limestones it Bell Mount indiciting in ige 
later than the 1 ubicolar Sandstones 

In 1919 F Chaprmn described a new coral Tctradmm tasmamense 
Chapman from the Limestone on Smelters Road Zeehan This is 
the Despatch limestone of Montgomery and Etheridge Chipmin 
assigns an upper Ordovician or basal Siluinn age foi this fossil ind 
it is also interesting to note that he calls this Zeehan limestone 
Gordon River limestone 

The next general summary was published by I oftus Hills m 1921 
Except for a few paragraphs on the position of the West Coist Range 
Conglomerate senes this summary adds nothing mitcri d to the 
accounts above abstracted 

P B Nye (1923) descubcd the Dundas Series ind the Rischoft 
Slate ind Sandstone senes (correlated with the Pal four Senes) is 
occurnng round Mt Bisthoff Both Nye and Hills thr \\ giave 
doubt on the age detcmunition of the Dundas Senes is based on 
Halls graptohtes but indicate that it lies quite definitely 1 tween 
the schists assigned to i pre Cimbrun ige and the West C 1st Kinge 
Conglomerate Senes issigned to i Stlunan ige with marked un 
confoimities mill ing botli extiemities Nvc places the BischoflF Series 
as younger than the Dundas Senes and assigns to it an Ordov enn ige 
Silunan strata similar to those at Zeehan etc with fossils typical 
of these rocks as developed elsewhere ire dso recorded 

This iccount wis supplemented ind confirmed by McIntosh Reid in 
1923 who gives i further account of the Dundas Shtcs ind Rischoff 
series The latter are stated to be sepirated from the former (earhti ) 
series by an unconformity 

The extensive tract of old rurks in the south we t of the Stite 
was also not neglected McIntosh Reid descnl ed these iuir Adams 
field (Reid 1921) ind in 1923 A N lewis desc iScd th country 
around Mt Anne Neither luthor desetihtd fossils \y which the 
ige of the locks could be determined 

In 1924 appeared the next contribution of mijoi imp llince to 
the unnvelhng of the Cambio Silumn succession piotlem This was 
a tentative opinion by McTntosh Retd tbit pci hips the R niton Don 
limestones were not properly assigned to the Silirnn Cordon River 
Limestone Senes reverting to Goulds fust opinion in 1 Johnstons 
view In this he was not influenced by the diserveiy of fossils but 
of a dyke belonging to the porphyroid series which cut limestones 
neai the Palooni Pumping Station At this time these igneous rocks 
were supposed to be older than the West Coast Rmgc conglomerates 
As they intrude the limestones here these must be older th in the 
typical Gordon River limestones which overlie the Conglomerates 
He discussed the age of the limestones at some length (pp 22 26) 
and advanced the opinion that they are of Ordovician age thus 
separating them from those near Zeehan He also coi related the 
conglomerates of the Meisey valley with the West C ist Ring C n 
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jlomerates (thus differing from the views expressed by Twelvetrees 
,909) although he was correct in comparing them with Johnstons 


Senes 

In 1925 Reid identified the Lischoff Senes in the Dundas distnet 
but now advanced the view that it was older than the Dundas Slates, 


thus reversing the succession as propounded by Nye 

In 1925 F Chapman desenbed ( ? ) Hurdut davtdi found by Sir 
Edgeworth David on the Tmu Bay Railway four miles south of 
Hatfield Plains On this slender evidence he assigns to these rocks 
a Middle Cambrian age 

In 1928 he desenbed some well preserved annelid trails as a new 
genus and species Tasmanadta twelvetreesi to which he gave a Cam 
bnan age 

In 1928 there appeared a general summary of Tasmanian Geology 
by P B Nye and \ N Lewis This gives the views then generally 
held as to the succession which is summarised in the following 
table — 


Middle Silurian 

Quern Fiver Slates and Sandstone t 

At Zcthan valley of Queen River Hearkwood and Middlesex Flams 
Gordon Fiver Limestones 

I ower Gordon River Chudleigh Mole Creek Ulventonc Railton 

Florentine River Junee and Ida Ba\ 

Tubieolar Sandstone or Quaritxte Senes 

lies betw tn the overlying: limestones anl underlying sandstones 
We it Coast Fa ge Conglomerate Seres 

These form tl t base f the Silurian Rock' 

Camuo Ordovician 
Diastrophic P nod 

(a) Porphvroid igneous comptex 

(b) Kea 1 Rosebery schists 

(c) Dundas Slates 

(d) Mathinm slates and sandstone* 

(e) Balfour slates and sandstones 

Caveman 

(a) D kcl cephalus sandston * of Caroline Creek 

(b) Dik locephalus sandstones of the Florentine Valley 

(c) Slates of Hatfield Plains 

Nye and I ewis present sever il lists of fossils (unfortunately with 
some typographical errors) As the exact localities are not given 
and as many of the forms have not been illustrated it is difficult to 
comment on ihtsc lisl> Some of the forms however eg P/evro- 
thct\um would inrl e ite a higher hon/on than the authors would give 
their Silurian beds which thus miy extend into the Lower Devonian 
and would be compaiable with the “Wrmgian of Victoria 

No fossils arc recorded frem the Titbicolar Sandstone or the 
underlying Conglomerates 

It is pointed out that stvcnl groups of rocks included in the 
Cambro Ordovician have yielded no fossils and so cannot be coi related 
with eath rthci The limestones at Railton however are correlated 
with the Lanpintine as they contain Actxnocerai cf tatci and Trocho 
ceras 

No new records for the Cambrian are given but they state that 
Dr F Whitehouse wis examining the fossils and had suggested thgt 
Tstnama was present 
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P B Nyc published i most important conti lbution to the Palaeozoic 
problem in 1929, when describing Adamsfield Prior to this account 
with the exception of the bticf icferenccs by Twelvetiees in 1908, no 
important discoveries of the Silurian senes, other than some doubtful 
references to the West Coast Range Conglomerate Scries along the 
North-West Coast had been made east of the great pre Cambrian axis 
which runs northwards from Port Dave> past Henchman's Cap to 
Cradle Mountain Nye considered that considerable occurrences of 
the tiordon River Queen Rivei Senes occur at Adanisheld 

The basis of Nyc s correlation is the identity of the conglomerates 
of the Thumbs Saw Hack Range, with a second parallel ndge to the 
west These he assigns to the West Coast Conglomtiate Senes 
Doubt was cast on this con elation by Lewis (1940), and fossil 
tvidence obtained it Adamsfield by Thomas (1943) showed that the 
limestones were basal Ordovician in age They are thus the repetition 
to the west ot the Timee and I lorentine beds with their Tarmanocc 
pJtalus fauna 

It should be. noted that N\es fossil collections fium Adams 
field have not yet been described (Nye personal communication) \ 
task which should shed much light on the Ordovician succession 


Third Period 1930 Onwards 

This penod was initiated bv the structural woik of the Tisminian 
Geological Survey m the noith and west of the State and by the 
work of A N I twis in the south The palaeontological woik is by 
workeis outside Tasmania md marks the beginning of modem 
palaeontological reseatch in that State 

1932 Su l W I dgeworth David gave a useful summary of his 
ideas is to the sequence which is as follows — 

Su uRrAw 

Yeringian 

7e«han sandstoms 

Melbournian 

Gordon limestones 
Despatch lirmstjnes 
I inuston rf I > ell and 7tthin 
1 ubitol ir sandstones 

West Ciasi hengt Cinglomcntrs t 

OunowtiAN 

Duncl is Seres with C ill qraptni sp 

limestones f Blenl horn s Ouarn with large Ccphaloj r> |o 
Cwbro OmmuisN 

Dundas Slates with Hurln (|Ossiblv Middl Cambrian) 

Cambrian 

Upper (Tremadocnn ) 

Cnrolmr Senes with Asaphilkn Tsmania Crepici-phalus etc 
K J I inucane (1932) distinguished a Rosebery or Pa Dundas 
Senes, which underlies the Dundas Scries and showed th it the 
porphyries as well as some basic rocks were mtiusive into iht I ower 
Palaeozoic sediments 

In 1934, in the Bulletin on the Smithton Area (Nye Tinucane and 
Blake) a group of slates that was correlated with the Dundas Sines 
W^s described M nr this is the Dolomite, and beneath it the 
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Chert Stage. Beneath the latter is a considerable thickness of beds 
divided into — 

2. Grey Green Quartzite Stage, 

1. White Quartzite Stage. 

No fossil were found, but the beds are considered to be conformable* 
although there may be an unconformity between the Quartzite Stages. 
The sequence is interesting, as it shows for the first time a downward 
succession to !>eds formerly correlated with the Proterozoic period. 

In 1936 T. Knhayashi, in reviewing the fossils from the Mersey 
River district, proposed the new genus Tasmanoeephohis, and main¬ 
tained that the beds were Ordovician in age. 

In the same year, Dr. I. Cookson described the fossil plants found 
by F. Blake at Warrentina, and compared them with Hosiimella and 
Iicdeia, and inferred that the beds were Upper Silurian or Devonian 
in age. 

The most recent summary of Tasmanian Geology, and the most 
complete that has been published since Johnston’s Geology, « that 
by Nye and Blake (Geological Survey Bulletin No. 44, 1938). They 
subdivide the Lower Palaeozoic rocks as follows:— 

Silurian 

VI Queen River Slate and Sandstone Series 
V Gordon River Limestone Series 
TV Discoidal Series 

III Quarl/itc Series. 

If Pipe Stem or Tuhicolar Scries 
T West Coast Range Conglomerate Series 

Ordovician. 

Dunda* Slate Series 
C a Mimo-Oinovin a n . 

Balfour Senes Slates, Quartzites and Conglomerate (but r Si liman) 
Mathmna Slates and Sandstones (but ? Silurian) 

Rosebery Series 
Sistcis Hill Suies 
Farrell Slates 

Cambrian 

IV Caroline Creek Sandstone Series 
III Florentine Valley Slate Series. 

IT Hatfield Plains Slate Series. 

I Arthur River Slate Series. 

i They discuss the relationship of the various rock groups, bring the 
lists of fossils up to date and mention unpublished identifications 
by R. Etheridge and F. Chapman. From these lists (which unfor¬ 
tunately contain many typographical errors) it can he seen that 
descriptions t>f many of the gcncia and species have not been published 
for Tasmania. For full details, which will not be given here, the 
above publication should be consulted. 

A. N. Lewis in 1940 described in some detail the geology of the 
Tycnna Valley. This is a contribution of great importance, as the 
collections he made were sent to T. Kobayashi, who described the 
fossils and established their Lower Ordovician age. They were also 
examined by Dr. Whitchouse, who also assigned them a low Ordovician 
a^e (p. 48). Lewis proposed the Junee Series for these rocks, and 
his sequence for these rocks is as follows;— 
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1. Junes Series. 

iii Blue Juute Limestone, 

ii Yellow mudstone containing tnlobites and other fossils of Lower 
Ordovician age. 

i Quartzites with conglomerates and breccias xnterbedded 

2. Probable Unconformity 

1. Grey Slates Probably Referable to the Dundas Series 
He also cast doubt on Nye*s age determinations at Adamsfield and 
suggested that the rocks there are part of the Junee Series, 

1940. T. Kobayashi described collections sent him from Caroline 
Creek and Junee by A. N. Lewis. From Caroline Creek he listed two 
genera of braehopods, two of gastropods and five genera of trilobites— 

Euomphakd 
Cryptolites ap. 

Tasmamocephalus sUphensx (Etheridge) 

Asaphus sp. 

**AsQphtllus” lewist Kobayashi 
Ethtridgaspi* rarolinrnsis (Eiheridgc) 

E joknstoni (Eth.) 

Carolinites bulbous (Kob) 

C quadrata (Kob ) 

C (?) tasmauicus (Eth.). 

Prosopitcus subquadrafa (Kob) 

From Junee he lists— 

Orusxa (?) sp. 

Sxnuofca (>) sp 
Roubidfmxia (?) sp 
Lccanospim tatmanensis Kobayashi 
Asaphopsis jtmeensis Kob 
A (?) ffracuo'tatus Kob. 

Tasmanaspa Inviii Kob 
T longus Kob 

He concluded that the faunas of Caroline Creek, Junee and Tim 
Shea are all T-ower Ordovician, with the Caroline Creek beds slightly 
the oldest (in his paper in the Japanese Journal of Geography ana 
Geology, 1940). 

In 1941, Hill and Edwards identified the following fossils from 
Queenstown— 

Alveolites sp 

Protarea cf. ruhwondennt 
Aeidolites sp. 

Titradwm taunaminsi* Clmp 
Acautholites sp 

and suggested that the beds were Upper Ordovician or Lower Silurian. 
The fossils referred to above had been previously commented on by 
R. B. Withers (Edwards 1939). 

In 1942, D. Hill described some Tasmanian Palaeozoic Corals, and 
in the following year repeated her views in her paper, "A Re¬ 
interpretation or the Australian Palaeozoic Record, based on a Study 
of the Rugose Corals." 

Her age determinations for Tasmania are briefly as follows:— 
Upper Ordovician or ? Silurian. 

Chudleigh Limestone, Lienn, Mersey Valley, with Favisfelto, 
trinoids j*nd tabulate corals , 
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Grey Limestone at head of Nelson River, with one tabulate form. 
Old Queenstown Flux Quarry with Tetradium . 

Limestone on Smelters Road, Zeehan, with Tstradium . 

Silurian, Upper Wenlocjc and Possibly Lower Ludlow* 
Limestone of the Gordon River with two species of Rugoso. 

Silurian and/or Devonian. 

Point Hibbs, with Hclinphyllum t chiUagoense and Fotvosites 
. f bryani 

Ludt.ovian or Probably Lower Devonian. 

Zeehan, with Pleurodictynm megastomum , 

D. E. Thomas and Q. J. Henderson in 1945 described hydroids and 
dendroids and recorded fragments of trilobites from the Dundas 
slates. The following forms were identified:— 

Archaeocryptolaria skeatsi Chapman. 

Masti&Offtnptui sp 

Cartography flerisfinosus Chapman and Thomas. 

Protohalccium halhanum C and T. 

Sfhenoecium fUicoides (Chap.) 

Sphenoecium sj5. 
t Protistograptus 

From the similarity of these forms to those found in Victoria in 
undoubted Middle Cambrian rocks the authors conclude that the 
Dundas Series must be of Cambrian age. 

In the same year Thomas reviewed the evidence for the occurrence 
of graptolites in Tasmania, and came to the conclusion that none of 
the records can be substantiated, and that T. S. Hall's record from 
Dundas falls in line with the determinations of dendroids as listed 
above. 


The Porphyroid Suite of Igneous Rocb 

These are a suite of plutonic, hypabyssal and, according to some 
of the workers, even volcanic rocks. As a group they are important 
in the mining fields in the western part of the island. Many opinions 
as lo the age of these rocks have been expressed, based mainly on 
their general relationship to the sedimentary rocks. L. Hills, in 1914, 
as a result of observations south of Linda, and a review of the 
ideas of earlier workers, stated that they had been consolidated, 
weathered and subjected to rliastrophic movements prior to the 
deposition of the West Coast Range Conglomerate Series, and so 
were assigned an Ordovician age. Several other workers, assuming 
the Ordovician age as proved, have used this igneous suite as a 
basis for the correlation of some of the sedimentary series. 

Work by K. J. Finucane in the Rosebery district (1932) and by 
P. B. Nye, F. Blake and Q. J. Henderson in the Lyell area is 
indicated in Bulletin No. 44, 1938, pp. 36, 41, 42. (Details of this 
are not published but are in the mss. reports by these authors.) 
They maintain that these igneous rocks are intrusive into the Silurian 
and that the schistosity was due to the same diastrophic movements 
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that folded these older rocks (see also H. J. C. Conolly 1940. who 
holds similar views). Thus the schists of Lyell, the Queen River, 
and Rcad-Rosebery, the “porphyroid igneous complex’* and the felsites 
and keratophyres so important in the mining fields and so fully dis¬ 
cussed in many of the Survey Bulletins, become the minor intrusions 
associated with the granitic intrusions of post-Devonian times. 

The evidence of contemporaneous volcanic activity in the Dundas 
Slates has never been doubted, and there is a possibility that this 
igneous activity has not been differentiated from the younger in all 
cases. 

All the age correlations based on these igneous rocks should thu*> 
be considered very doubtful, and have not been considered in the 
present discussion. 

Discussion of tho Lowar Palaeozoic Succession 

The Upper Beds 

The Silurian-Devonian Fossiliferous Beds. 

A convenient starting point for a discussion on the lower palaeozoic 
Succession in Tasmania is the limestone in which Gould found his 
type fossils, and which is well developed round Macquarie Haibour 
and Zeehan. This is distinguishable by certain clearly recognisable 
fossils indicating an age either Silurian or early Devonian. 

These fossils are found in great quantities in certain layers of blue 
limestone and white sandstone occurring principally to the west of the 
West Coast Range. The typical limestones are at the mouth of the 
Gordon and Franklin Rivers, and have been called the Gordon River 
Limestone Series, which is clearly identifiable from the fossil assem¬ 
blage. From these localities on the Gordon, beds containing similar 
fossils and clearly referable to the same series occur, with some 
breaks, northward to Zeehan, and with some isolated occurrences 
at Hegzlewood and Eldon Valley. 

They are particularly well developed between Queenstown and 
Stratum (Queen River area) and at Zeehan. In the latter areas, beds 
of limestone are interbedded with thick sandstones, grading sometimes 
into quartzites, and with thinner beds of prey slate. In the Queens¬ 
town and Stratum areas they are intruded by basic and acid rocks, the 
“porphyroids,” now themselves in places metamorphosed into schists. 

At both Zeehan and Queenstown the limestone beds are interbedded 
with the sandstones, which in places are also very fossiliferous. It 
was from such beds that Montgomery and Twelvetrees collected the 
fossils already referred to (Etheridge 1896, Chapman 1919). 

The succession is not known in detail, but it appears that the blue 
limestones are developed as lenses, and although the same general 
suite of fossils characterises these rocks, until detailed modem 
palaeontological research is carried out it is difficult to determine their 
exact horizons. This series includes Johnston’s Lower Silurian and 
Upper Silurian (Johnston 1888, p. 54) subdivided by Twelvetrees into 
the Discoidal Series, the Gordon River Limestone Series and the 
Queen River Slate and Sandstone Series, and which are more fully 
described by later authors (Nve and Blake 1938). The Gordon River 
limestones are well developed in the localities on the Gordon, but at 
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Zeehan they appear to be lessee in the sandstone, slates and quartzites 
which may be the Queen River Slate and Sandstone Series. 

It appears, therefore, that in some areas the series contains a very 
thick development of limestone, but in other areas the limestones 
are thin or absent. The whole series, thus, consists of rapid alterna¬ 
tions of limestone, sandstones and slates. 

The following, from the general similarities of their fossils, can be 
considered as belonging to one series:—Blue limestones of the lower 
Gordon Valley (Gould 1860, 1866) (but not those of the Great Bend 
of the Gordon) ; the rocks showing the fossil suite referred to, which 
lie between the Gordon River and Strahan and thence to QueenstdWn 
and the valley of the Queen River and extending west of the moun¬ 
tains (i.e., over the Henty peneplain) to Zeehan; the rocks at Zcehan 
(Etheridge 1896, Twelvetrees and Ward 1910, Chapman 1919); the 
rocks at Heazlewood (Etheridge 1896) and Middlesex (Reid 1919) 
and Gould's "Calymene” beds of the Eldon Valley. 

West Coast Range Conglomerate Series. 

These have been divided into three conformable lithological groups: 

3. Tubicolar Sandstone. 

2. Normal Conglomerate. 

1. Lower Brecciated Conglomerate. 

(Further subdivisions, however, have been proposed in unpublished 
work by Conolly, see Edwards 1943.) 

Although forming an easily identifiable lithological group, the age 
determinations given this group have ranged from Lower Cambrian 
to Upper Silurian. 

The type locality is that part of the West Coast Range from Mt. 
Murchison to Mt. Sorell. Here there appears to be little doubt 
as to the horizon and relationship of the series, but there is a possi¬ 
bility that beds of conglomerates of the same general appearance 
exist in many parts of the State at a different geological horizon, and 
confusion has arisen from this factor. 

The assignment of the West Coast Conglomerate Series to a 
position unconformably overlying the rocks containing asaphid trilo- 
bites (Lower Ordovician) and conformably underlying the rocks 
containing phacopid trilobites (Silurian) is the most reasonable, and 
has been adopted by Nye and Blake (1938, p. 37), who stated that 
this series "unconformably overlies the Dundas and other Cambro- 
Ordovician series and underlies the fossiliferous Silurian rocks." 
This stratigraphical horizon was suggested by G. A. Waller in 1903 
and definitely assigned to it by Loftus Hills in 1914. 

Owing to the absence of fossils, the exact age of this group cannot 
be determined. If some of the limestones (D. Hill 1943) to the 
west of the West Coast Range, and if the King River Series (Nye, 
Blake and Henderson (manuscript report 1934) are Upper Ordovi¬ 
cian, the age can be fixed within narrow limits, and can be ponsidered 
broadly as Silurian. 

The beds succeeding the conglomerates or into which they pass 
laterally are the Tubicolar Sandstones. Previous opinion assigns an 
annelid origin to the tubes that characterise these beds (Twelvetrees 
and Ward 1910, pp. ,28-30), but these are of no aid in age deter¬ 
minations. 
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Reid (1919) records shelly fossils typical of the Gordon Zeehan 
rocks from beds at Bell Mount (in the Middlesex area) which succeed 
the TuMcolar Sandstone stage. No detailed account of the succession 
is given, and L. Hills (1914, p. 54) is equally indefinite in regard 
to the upward succession at Jukes-Darwin and Crotty. Twelvetrees 
and Ward have described the series occurring round Zeehan, but do 
not record any section which shows a continuous succession (Twelve- 
trees and Ward 1910, pp. 33-39). L. Hills (1921, p. 121) maintained 
that the Gordon-Zeehan series succeeded the Tubicolar sandstone 
conformably, and Nye and Blake (1938, p. 38) also hold this view. 

Published records of the actual contact of the conglomerates with 
the underlying beds are few, but all observers agree that it is an 
unconformity. 

L. Hills (1914) stated that these rocks rested unconformaUy on 
volcanic rocks which must have been extruded subsequently to the 
formation of the Dundas Slates. With the identification at Junee- 
The Needles-Tim Shea of beds of conglomerate not easily distinguish¬ 
able from this series, but overlain by limestones and sandstones 
bearing asaphid trilobites of Lower Ordovician Age, and the removal 
of Hills' basis of classification by the discovery of a later age and 
intrusive nature for the igneous rocks, doubt arises as to whether all 
the conglomerates called the West Coast Range Conglomerates Series 
are correctly correlated. 

Thus Twelvetrees considered that the conglomerate occurring on 
the Thumbs-Denison Range dipped under the limestone of the Floren¬ 
tine Valley. (Twelvetrees, 1908, vide Section 3-4.) As he considered 
that the limestone was of Ordovician age, he assigned a Cambrian 
age to the conglomerates. Later the Florentine limestone was identi¬ 
fied with the Gordon River limestone series and the conglomerates 
with the West Coast Range conglomerate series (Twelvetrees and 
Ward 1910, pp. 33-34; Nye 1929, pp. 11-12). 

A. N. Lewis (1938) expressed doubt that this wide correlation of 
the conglomerates at Adamsfield with the West Coast Range con¬ 
glomerate was justified, and that the sequence at that place would be 
correlated with the Junee Series and the lower Conglomerate. This 
view has been proved correct by further work in this area (Thomas, 
Thomas and Henderson, 1945). 

McIntosh Reid (1919) based his correlations of the conglomerate 
of Blade Bluff, Mt. Rowland and the Middlesex area on the relation¬ 
ship of the igneous rocks as stated by L. Hills in the Jukes-Darwin 
area. Reid's description however indicates that the West Coast Range 
Conglomerate Series is present in the Sheffield-Middlesex area. 

Tub Mathinna Slates. 

Some brief reference must be made to the rocks that outcrop around 
the Ben Lomond Plateau in the north-east of the State. These have 
usually been induded in the Cambro-Ordovician, but have yielded 
very few fossils, and being to some extent isolated from the other 
rocks their stratigraphic correlation is in some measure of doubt. 

A fairly well recognised and consistent series has been identified 
and named the Mathinna Slates (Twelvetrees 1911, 1916). Nye 
(1923) suggested a correlation with the Balfour and Bischoff Slates 
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and Sandstones and an Ordovician age, but gave no fossil evidence. 
Mclntoah Reid (1925) suggested a correlation with the Dundas Slates 
and a similar age. 

The most recent contribution to the age of these rocks is that of 
Dr. I. Cookaon (1936). In 1934, F. Blake found some fossil plants 
at Warrentina, and this discovery led to the paper by Dr. Cookson. 
She compares the forms with Hoshmelio ana with Hedeio, both of 
which occur in Victoria in beds of Upper Silurian and Lower 
Devonian age. 

Plant remains have also been found on the main road from Laun¬ 
ceston to Scottsdale, near Springfield (Thomas 1943), thus indicating 
that beds high in the Silurian or of Lower Devonian age are wide¬ 
spread in N.E. Tasmania. There is a strong possibility that rocks 
of a similar age are to be found much further to the south in the 
Fingal area, as Johnston records (1888, p. 59) ", Anodonta Gouldk and 
Undetermined Plant Impressions" which made him mdude these beds 
in the Upper Devonian. At the same time it should be noted that he 
also included die Fingal Slates in the Upper Silurian (idem. p. 67). 
"No fossils have as yet been discovered, if we may except certain 
slates which are supposed to succeed them, from which the writer 
obtained a single species of Anodonta, closely resembling A. Jukesu, 
found in the Devonian rocks of Ireland." 

Whether rocks of the same age extend to Lisle is not known. 
Thureau’s “Dtplograptus nodusus” was not accepted by T. S. Hall 
(1902), but Johnston found a sandstone which was replete with casts 
of a small species of Orthxs, together with cnnoidal stems. Further 
collections are necessary before the horizon of these beds can be 
determined. 

The rocks of Beaconsfield may not belong to this group, although 
it appears reasonable to correlate the west Tamar rocks with those 
of die Lisle, Lefroy and Warrentina to the east of the Tamar. On 
the other hand, there has always been an assumption that the Beacons- 
field limestones were to be correlated with those of Chudleigh and 
Mole Creek. 

According to Nye (1928) conglomerates rest unconformably at 
Frankford, on the western side of the Tamar River, on older schists. 
"The conglomerates pass upwards conformably to sandstones, dates 
and the limestone of the Flowery Gully district. This series, many 
thousands of feet in thickness, should underlie the Mathinna Series... 
This may be the clue to the relationship of the Silurian to the Ordo¬ 
vician in this part of the State. 

The Ordovician Rocks 

The extensive and economically important beds of massive limestone 
which occur in the Don-Melrose-Railton area, at Marrawa and at 
Gunn's Plains, Mole Creek and Chudleigh; at the Florentine River, 
Junee and the Gnat Bend of the Gordon; at the Weld River and at 
Ida Bay and New River an hen referred to the same general horizon. 

The Railton Melrose area has been mapped by Reid (1924). In 
discussing the age of these beds (1924, pp. 25-26), he recorded Ordo¬ 
vician fossils in the limestone and Silunan in the sandstone, although 
these were supposed to be interbedded, and he placed the Caroline 
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Creek iMduani in the Cambrian and die Railton Hmeatonea aa suc¬ 
ceeding these and of Ordovician age. (The Caroline Creek sand¬ 
stone* are now referred to the Ordovician, Kobayashi 1936). 

At Caroline Creek (Heine's brick works) the sandstones, which 
yield TatHumoctphahu, are faulted against Permian rocks to the 
eastward, but elsewhere are covered by Pleistocene gravels, so diet 
their relationship with the limestone is not observable. At Railton 
the succession appears to be in ascending order, conglomerate, Caroline 
Creek sandstone, and limestone observable at Blenkhora's Quarry. 
Twelve trees records collecting “Ptychoparia sttphtntf’ (now Tat- 
mmocfptwtu* sttphtnti) at Blenkhom's Quarry, from sandstones 
passing conformably below the limestone (Twelvetrees 1909, p. 8). 
He also records yellowish slates and sandstones in the Railton town¬ 
ship, in which impressions of Raphistoma were found. These sand¬ 
stones underlie the limestone of the Goliath Cement Company quarry 
and the limestones outcrop again in the valley of the Don on the 
Melrose railway, half a mile north of the quarries. 

A. N. Lewis (1940) described the Junee senes and correlated this 
with the rocks at Railton and Melrose. He maintained that the two 
corresponded sufficiently closely to justify their being grouped as one 
series which he named the Junee series This extends to Tim Shea, 
where T. Stephens had discovered asaphid trilobites, and thence 
through to the Florentine and to the Great Bend of the Gordon. It 
also extends south of Mt. Mueller to the limestones at the head of 
the Weld. These limestones are interbedded with sandstones in which 
certain bands contain trilobites and other shelly fossils. 

Limestones of the same age group include the beds at Gunn's Plaint 
and Leven Valley (Twelvetrees 1909), and probably those under 
Quambv Bluff (Reid 1924). 

On the information at present available it is impossible to definitely 
assign the beds at Mole Creek, Chudleigh, at Hastings, Ida Bay and at 
New River to this series, but in all probability they should be included 
in this group. The limestone at Beaconsfield (Ilfracombe) is still 
more difficult to place. 

All these limestones are the "Primordial Calciferous Group" of 
R. M. Johnston (1888, p. 39-41). This group starts with con¬ 
glomerates, which may be taken to mark the base of the Ordovician 
rocks. Both the conglomerates of this lower series and the West 
Coast Conglomerate Series were effected by the (?) epi-Devonian 
diastrophism, and the task of distinguishing between me Influence of 
this younger and of the older one affecting only the lower groups has 
notyet been undertaken in the field. 

Thick beds of quartzite end conglomerates are to be found every¬ 
where that the Melroee-Junee series outcrops. Gould and Johnston 
recognised this conglomerate series in the Mersey Valley, and John¬ 
ston named it the ‘Tdagog Group,” from the mountain of that name 
which ia com p osed of this series. Later Twelvetrees identified the 
aeries on the Needles, end Lewis (1940) stated that it also caps Tim 
Shea, although Twelvetrees assigned the conglomerates them to a 
Penno-Carboniferous age. The conglomerates should thus on the 
grounds of priority in nomenclature be named the Magog Con- 
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Gould (1861) considered they succeeded the Melrose Limestone* 
and Johnston (1888 pp 38 39) held a similar view of their relation 
ship to the limestone at Chudleigh Later investigations however, 
reversed this order of succession Thus Twelvetrees (1909 p 9) 
identified this group at Gunn s Plains and in the Leven River Valley 
He distinguished these conglomerates from the West Coast Range 
Conglomerates and he also included in his Magog Group the Con 
glomerate at i enguin (Neptune Mine) Stowpoit the Blythe Iron 
Mines and Emu River and lists sections where they pass under the 
succeeding limestone 

McIntosh Reid (1924 p 27) however correlated with some doubt 
the Magog Conglomerates with the West Coast Range Conglomerates 
mainly on the identification of Rhynchonella in the overlying Tubi 
colar sandstones on the cast of Badger Range and at Dtnny Gorge, 
Paloona Hill and Moina but differentiated a lower conglomerate at 
Bott Goigc Rud (1921 p 17) also calls attention to the possibility 
that conglomet ates of this series in the valleys of the Goidon and 
Florentine nvers (i e Denison Range Thumbs Tim Shea Needles) 
have been confused with the West Coast Range Conglomerate Series 
He had investigated the latter area in the course of hts work on 
Osmindium in Tasmania and the view thus briefly expressed corres 
ponds with that A N Lewis (1938) and of myself and Q J 
llcndeison (1943) 

It is probable that the conglomerates of the Magog Group vary 
rapidly both laterally and vertically into sandstones and quartzites 
Without fossil evidence it thus becomes very difficult to separate 
these beds from lithologically similar ones occurring above the West 
Coast Range Conglomerates 

Along the North Coast particularly at Ulverstone and Goat Island, 
and just west of Bumie there are conglomerates and quartzites fre 
quently highly contorted and often schistose in structure which have 
been assigned to a pre Cambrian age (Stephens 1874) on very little 
evidence as similar rocks have been described in detail for the 
Smithton area (Nye Finucane and Blake 1934) who maintain that 
they lie probably conformably below the Slate group 

A N Lewis (1923 1938) has also described quartzites in the south 
west of the State and at Mt Anne he shows that they overlie slates 
which he referred to the Dundas Senes 

Lithological characters are thus of very little use in determining 
the age of these sandstones and quartzites 

The Cambrian (or Lowi-r Suvte Group ) 

These slates which are very widespread and economically lm 
portant have been desenbed from many localities Several groups 
have been recognised eg Dundas Slates Balfour Slates and Bischoff 
Slates 

L K Ward first desenbed these rocks at Dundas in 1909 He 
states that from the evidence supplied m the district he could not 
correlate them accurately with other senes but indicated that they 
are succeeded by a conglomerate series 

This descnption and the one by L Hills covering the Read Rosebery 
area to the north of the Dundas area (Hills 1915) must now be 
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read subject to the more recent view that the igneous suite are con¬ 
siderably later and entirely intrusive into the sedimentary group 
There is a general opinion that the Dundas Slates underlie the West 
Coast Ran^e Conglomerate Senes L Hills (1915 p 4) also records 
limestone interbedded with the slates at Hercules Mine and Nye 
(1923) has given us the most complete description of them at Magnet 
(with analyses and petrognphica! commentaries) The latter dis 
tinguishes several divisions in the slate senes there developed namely 
a slate, a chert a felspathic breccia and a micaceous breccia Nye 
identified the Dundas slate series as defined by Ward and also a new 
group which he termed the BischofF series He stated that outcrops 
were too infrequent to enable the different stages of the two series 
to be mapped but regarded the Dundas senes as being the older 
Reid, working at the same time on the Mt BischofF portion of this 
field desenbes the BischofF slates and lecoids an unc< nformity between 
them and the underlying Dundas series (Reid 1923) Later however, 
Reid identified the BischofF slates at Dundas but on lithology only 
and considered them as there developed to be older than the Dundas 
senes (Reid 1925) 

The Dundas slates are usually dtscnbtd as purple to reddish and 
occasionally grey ti black and ippeai to underlie the conglomerates 
and quartzites of the Magog Gioup Twclvctiecs (1908) desenbed 
the relationship at the Humboldt Mine undei the Needles Ward at 
Dundis (1909) Fwehelrtes it C mm s 1 Inns Blythe River Penguin 
Alma (1909) Ward at Mt Balfom (1911) Reid at Round Hill and 
Wilmot (1919) Nye it Adamsfield (1929) and A N Lewi at 
Pine Hill and Mt Anne (1923 and 1940) 

The downward succession of these old rocks is very obscure and 
has only been recoided in published work in N)e and Blake (1938) 
These authors refer to pre Dundas locks and assign to this group 
the Smithton quaitzites barrel slates Balfoui slates Aithur River 
slates and Hatfield Plains slates One single fossil has been found 
in each of the last two slate series which have been assigned an 
Upper Cambrian age (Chapman 1925 and 1928) on this very slender 
evidence 

Hall s graptolites were found in the Dundas slates and assigned an 
Ordovician age (Hall 1902 Keblc 1928) but doubt (Thomas 1945) 
has been cast on the identification of these forms as graptolites 
The discovery of hydioid temains at Dundas together with 
some fragmentary remains of trilobites (Thomas and Henderson 
1945) enables the Dundas Slates to be loi related with similar beds 
of Middle Cambnan age in Victoria The black slate and the inter- 
bedded volcanic tufFs ashes and agglomerates show a very close litho 
logical resemblance to rocks of similai age in Victoria 
Although local names have been given to the slates as developed in 
the different localities it seems that broadly they can be considered as 
a Lower Slate Senes There is no palaeontological or stratigraphical 
evidence which renders this impossible ot even improbable 

Some of the subdivisions of this group may be usefully summansed 
as follows — 

Farrel Slates This was set up by I K Ward in 1908 to include 
the dark slates and sandstones of the Mt barrel district which appear 
to be older than the Silunan rocks of this distnet 
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Dundee Semes (L K Ward 1909) is one of considerable thickness, 
composed of slates, generally red when weathered, but grey, green 
and black when unweathered, with fine grained breccias of volcanic 
material (basic felspar and augite) and cherts, tuffs, and basic 
volcanic rocks (Nye 1923) It has generally a faulted relationship to 
the younger rocks 

In the Rosebery distnet (K J Finucane 1932) dark slates and 
quartzites occur in addition to the above types ana in the Smithton 
district (Nye, Finucane and Blake) a limestone bed and thick 
dolomites are interbedded with rocks supposed to belong to this 
group 

Beneath the Dundas Series in the Smithton district (Nye etc, 
1934) dark slates ind quirtzites and hne eonglomeiates occur appa 
rentlj conformably and extend eastward to the white quartzites and 
dark slates of bisteis Hill which had preuously been referred to the 
Proterozoic 

Balfour Semes This senes was described by L K Ward in 1910 
(Bulletin No 10) for the North Western distnet It comprises light 
coloured slates quartzites and fine conglomerates intruded by granite 
and by basic dykes 

Buchoff Series (Nye 1923) consists of alternating beds of dates 
and sandstone with subordinate conglomerates and breccias No 
fossils have been found, but it is considered younger than the Dundas 
Senes 

Rosebery Senes (K J Finucane 1932) includes the slates and 
quartzites of the Rosebery area, which are apparently stratigraphically 
beneath the Dundas Senes 

The Relationship of the Cambrian to the Pbotfrozoic 

The Proterozoic Rocks have been described in some detail by 
W H Twclvetrees (Proc AAASc 1907) and by L K Ward 
(Proc Roy Soc Tas, 1909) The latter recognised two senes from 
the evidence in the Surveyor Range where an upper senes of quartzites 
unconformably overlie quartz ana mica schists 

The basis of the separation of the Proterozoic from the Lower 
Palaeozoic has been the lithological character and their structural 
relationship with other senes Their schistose nature is more pro 
nounced than that of the younger rocks which according to most 
workers follow them unconformably But veiy few areas showing 
this relationship have been recorded or examined in detail At 
Fnuikford (Nye 1928) a contact of conglomerates with Pre Cambrian 
schists can be seen, and he also states that a contact, not examined in 
detail has been seen at De Witt Island off the South Coast 

In the Smithton area (Nye Finucane and Blake 1934) a group 
of slates was correlated with the Dundas Senes (p 53) Above this 
is a Dolomite, and beneath it a Chert Stage Beneath the Chert Stage 
is a considerable thickness of rock divided into — 

2 Grey-green quartzite stage 
1 White quartzite stage 
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It is considered that the grey green quartzite stage conformably under 
lies the Dolomite stage (or where absent the chert substage) but there 
may be an unconformity between the grey green quartzite and the 
underlying white quartzite stage although these may form one stage 
These quartzites are correlated with those of the Sisters Hill (p 25) 
of which they state This suite of rocks has been ascribed by 
Loftus Hills to the Upper Proterozoic but they may represent tran 
sition beds between the Upper Proterozoic and Lower Palaeozoic 
or even be Lower Cambrian 

The separation of the Proteiozoic rocks from the Lower Palaeozoic 
is shown on the Geological Maps of Tasmania cannot be regarded 
with confidence for even on the road between Lake St Clair and 
Queenstown there arc fossiliferous beds which are Upper Ordovician 
or Lower Silunan in the centre of a big area coloured ns Proterozoic 

Summary and Conclusions 

It is obvious from the foregoing that there is need for much detailed 
structural palaeontological and stratigraphical research before the 
sequence of the Lowei Palaeozoic rocks of Tasmania can he solved 
Exhaustive collections arc essential be foie the age of the various 
groups can be determined Until this information i available the 
major structural featmes cannot be studied and there is no doubt 
that these are complex and of sufficient magnitude to have complicated 
the task of deciphering the stratigraphic succession 

The information Tasmania can yield concerning the development 
of the Tasman Geosyncline is most interesting The succession— 
conglomerates to sandstones or quartzites and then limestones and 
shales—is well maiked not only in the Ordovician but also in Silunan 
Devonian times The rapid alternations both verticilly and laterally 
have however added to the difficulties of correlation 
There is probably a gradual passage from the Proterozoic to the 
Cambrian resembling conditions as found in South Australia if the 
Sm tlit n ain is c nsi lered as typical 
The volcanic activity of Cambrian times and the development of 
thick slates and shales following the cessation of this extrusive phasr 
is matched by similar conditions m Victoria In both States these 
slates are fossiliferous only at the lower horizons In Victona the 
Ordovician is mainly a shallow water facies with lelitively thin 
graptolitic shales representing deeper water conditions In Tasmania 
the Ordovician commences with the conglomerates then sandstones 
and limestones and the comparable conditions aic in Central Aus 
tralia rather than Victona 

The Silurian Devonian is initiated in Western Tasmania by the 
West Coast Range Conglomerates which aie succeeded by sand 
stones limestones and shales all showing the charactenstics indicative 
of rapidly alternating conditions of sedimentation In Victoria there 
is a well defined lithological break between the Uppei Ordovician and 
Silurian and thin intei bedded conglomerates are only sporadically 
developed in the lower Silunan (Keilonan) rocks Higher in the 
sequence lenticular limestones and conglomerates approximately mark 
the boundary between Silunan and Devonian Conditions in Tas 
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mania indicate more fluctuating depths than m Victoria but the deeper 
water facies at> developed in the Walhalla Synchnonum is matched 
by the lithologically similar Malhinna senes , both having shallower 
water beds with plant 1 emains 

Without more detailed knowledge of Tasmanian stratigraphy and 
structure, it is difficult to draw closer comparisons It is thought, 
however that the identification of three major groups will be of help, 
but the following summiry meiely serves to show the gaps in our 
knowledge — 

1 The relationship of the Cambrian to the Proterozoic is not 

known with certainty 

2 There is a thick development of slates frequently associated 

with basic volcanic activity which can be considered as of 
Cambrian age (It is likely however that there is also a later 
development of basic rocks comparable with those at Waratah 
Bay in Victona le post Upper Siluuan at least) 

1 The Ordovician is initiated wherevei studied in detail by con 
glomerates succeeded by beds containing the Tasmanocephalus 
fauna and by limestones with large cepbalopods The con¬ 
glomerates must be low in the Ordovician (Treimdocian), 
but the age of the upper beds of this group is not known If 
the limestones on the Mersey River and the Queenstown flux 
quarry are Upper Ordovician the age of the succeeding con¬ 
glomerates in all probability is Silurian The King River 
Senes ate prrbihly of the same geneial age as these lime 
stones which however according to Di D Hill may also 
doubtfully be Silunan 

4 The exact age of the West C oast Range Conglomerates is not 
known They overlie unconformabh beds piobahh of Upper 
Ordovician age (or more doubtfully Silurian age) and are 
succeeded conformably ho the Gordon River I imestont Senes 
of undoubted Silurian age Higher still in the sequence are 
the Fldon Beds and the Pkuiodiclyum hearing beds at 7eehan 
which may be I ower Devonian in age and may thus be 
correhted with the Mathmna Slates 

This contribution is an attempt to rcvitw the literatuie and although 
it perhaps errs in over simplihing the I owti Palaeozoic Recoid it 
also indicates some of the problems vet to 1 h solved Much of the 
work of the Tasmanian Geological Survta remains m manuscript 
form a stite of affurs that should hx lenvxlttd as it is difficult to 
gam access to these papers It is thus possible that some of this I iter 
work has uinnttntionallv been omitted fiom this discussion 
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5 —A Surrey of Vegetable Matter in the Wool Clip 
of S.E. Australia 

By S. J. CHURCH, M.Sc. 

[Read 13th June 1946] 

Introduction 

Leaves, twigs, fruits and other fragments of vegetable matter are 
picked up in varying quantities by the fleece during the activities 
of sheep on pasture The presence of this vegetable matter may 
interfere with the normal processing of the wool Moreover its 
presence in the finished matenal is highly undesirable and every 
effort has to be made to remove it dunng processing Its removal 
frequently requires special treatment of the wool involves extra 
handling, and may damage the wool in some degree 

The presence of vegetable matter in wool, then constitutes a 
problem to the processor of wool It also constitutes a problem to 
the wool appraiser who must decide the quantity of vegetable matter 
present, and its influence on the cost* of processing and the value 
of the finished product For any detailed study of these problems 
information on the nature of the vegetable matter to be found in wool 
is an obvious requisite 

A survey of vegetable mattu found in the New South Wales wool 
clip was published b} Milthoii (4) A similar survey his now been 
completed for wools originating from Victoria South Austialia 
Tasmania, and those districts in New South Wales adjacent to the 
River Murray 

General Procedure 

Samples were drawn more or less at nndom from wools delivered 
to Victorian Tasmanian and South Australian Appraisement Centres 
Work was very largely confined to samples which showed an appre 
enable vegetable matter content—of the order of 1 per cent or more 
of the greasy weight Toi the most pait the wool was scoured pnor 
to examination The vegetable matter was removed b> hand and 
identified as far as possible In rich case the identification of type 
specimens was checked by authorities at the Botany School University 
of Melbourne or the National Herbarium Melbourne These type 
specimens were retained and other specimens were identified by 
comparison with them 

The nomenclature and classification of Black (1] have bun followed 
as far as possible For species not descubed by Bhck the description 
of Ewart (3) has been used The lommon names presented are those 
listed byCSIR (2) 

The nearest town to the property from w hich the wool was derived 
has been taken as being the place of origin of the wool On the basis 
of average annual rainfall the a r ta covered by the survey has been 
divided into four zones as set out in fig 1 The samples have been 
allocated to the individual zones according to the places of their 
angin 

No attempt was made to assess quantitatively the amounts of the 
different types of vegetable matter present in the samples 



54 S. J. Church : Vegetable Matter in Wool Clips of S.E< Australia 



Fig 1 —Map shoeing ana toirnd bv Survey Isohycti from map published 
by Metcornlogical Branch, Commonwealth of Australia, showing 
average annual rainfall based on figures up to 1938 



Fig. 2— Relation of type of vegetable matter found in samples to average annual 
rainfall Only (hose species included from which vegetable matter 
occurred in 5 per cent, or more of the samples from one or more tone* 
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Results 

Over 800 samples were examined in all. Vegetable matter from 
123 species of plants was identified. Mention is made here only 
of those species from which vegetable matter occurred in 5 per cent, 
or more of the samples from one or more of the zones. There were 
51 of these species which are listed in fig. 2. Twenty-seven of them 
are recorded by Milthorpe (4). Vegetable matter of the remaining 
24 has not previously been recorded as occurring in wool. 

Distribution op Species. 

The distribution of the various types of vegetable matter in relation 
to the average annual rainfall is included in fig. 2, which sets out the 
proportions of the samples from each zone in which the different 
types of vegetable matter occurred. As might be expected, there is a 
distinct relationship between the average annual rainfall of the area 
from which the wool originated, and the type of vegetable matter 
found in it. 

Nine species, all drought resisting types, were found only in samples 
from the driest districts, and 12 species, all typical of higher rainfall 
areas which were found in samples from the two wettest zones were 
almost entirely absent in samples from the dry districts. Hairy Burr- 
Daisy (Ccicfu hispidula) and Pop Saltbush ( Atriplex spongiosum) 
were the most common types found in these dry areas, occurring 
respectively in 79 per cent, and 47 per cent of samples. Grasses and 
Legumes were not common among the other species, Composites and 
Chenopods occurring most frequently. 

The vegetable matter in the samples fiom the two wettest zones 
was of closely similar character, 30 of the 34 species found in samples 
from these zones being common to each Most of these species, such 
as Biddy-Biddy (Acacna Sanguisorba), Mosses (Musct. spp.), Swamp 
Dock (Rumcx Rroumii) , etc., are typical of the vegetation of areas 
of higher rainfall. Fragments of Grasses and Subterranean Clover 
(Trifolium subterraneum) occurred in a very high proportion of the 
samples. Wild Carrot ( Daucus Carota), and the two common species 
of Crowsfoot ( Erodium spp ) were three other types found almost as 
frequently. The Medics (Medicaqo spp ) were recovered from a 
smaller proportion of samples 

In the samples from the zone with the average annual rainfall of 
10 to 20 inches, the greatest \ariety of types of vegetable matter 
was recovered, species common to both tlu driest and the two wettest 
zones being found. As in the two wettest zones, the outstanding 
characteristics of this zone was the high proportion of samples in 
which fragments of the Grasses occurred, the most important being 
common Barley Grass (Hordcum lepormum). Three species of 
Medic were also recovered very frequently. They occurred in a much 
higher proportion of the samples from this zone than from any other. 
Drought resisting types occurred in a smaller proportion of samples 
than in the driest zone, though Hairy Burr-Daisy (Calotis hispidula) 
appeared in as many as 50 per cent, of those examined. Australian 
Carrot (Daucus glochidiatus) and the two species of Crowsfoot 
occurred more commonly than in the driest zone, hut less commonly 
than in the two wettest zones, 
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Nature of Vegetable Matter Recovered. 

The vegetable matter found with the 27 species recorded by Mil- 
thorpe (4) was similar to that described by her. The nature of the 
material found with the other 24 species is indicated in the following 
notes and figs. 3-26. Details of the features used in identifying the 
material are included. 

GSAIilNEAK* 

Dantkonia stmiannulans (Labill.) R. Br., Ringed Wallaby Grata, fig. 3. 
Material recovered: Spikelets, flowers Identifying features: Spikelet of two 
outer glumes and 6-9 flower*. flowering glume about 3 mm. long bearing three 
conspicuous rings of hair* and three awns, the central awn brown and twisted 
and longer than the lateral ones; palca notched at apex. 

D peniculata, J M Black, Kneed Wallaby Grass, fig. 4. Material recovered: 
Spike lets, flowers Identifying features: Spikclcts of four to five Bowers; 
lalea blunt and hairy an back; otherwise ns D itMUMtmJaris, except that awns 
shorter and central awn nut longer than lateral ones. 

Hordrnnt warikiuum, Huds, Sea Barley Grass, fig 5. Material recovered: 
Inflorescence, groups of spikeleta, spikclets Identifying features: Fragments 
of inflorescence with three one-flowered spikelets at each node; central spikelet 
fertile, 6-7 mm long and almost sessile: lateral spikelets sterile, 5 mm. long and 
stalked; outer glumes in each case awnlike in shape, arranged in pairs and not 
cilinte; flowering glumes inrolhd at the base with long, rough awns. 

Microlatna stipoidcs (J^abill ), R Br, Weeping grass, fig. 6. Material re¬ 
covered: Spikelets, flowers Identifying features: Spikelets onc-flowcrcd, about 
30 mm long; first pair of outer glumes minute, second pair hard and rough, 
each tapering into a long awn ind bearing a tuft of hairs at the base; 
flowering glume shot l and inconspicuous 

dffropvrutn scabrum (Labill ), Beauv, Common Wheat Grass, fig. 7. Material 
recovered. Spikclcts. flowers Identifying features: Spikelets wedge-shaped, 
5-7 cm lomr. including awns with six to twelve flowers; flowering glumes 
narrow, rigid, rough, with awns about 3 cm long. 

Brotnur rvbenr, I-. Red Bromc, fig, 8. Material recovered: Spikelets, 
flower" Identifying features* Spikelet red dish-purple with five to eight 
divergent flowers, ihc awned flowering glume 2-5 cm long, roughened on the 
back and curving outwards when mature 

B twrdfai nti, L, Soft Brome, fig 9 Material recovered: Spikelets, flowers 
Identifying features Spikclcts five to eight flowered ; flowering glumes short 
and ovoid, about 6 mm long, bearing an awn about the same length. 

Pappophorutn niqncans (R Br), Beauv, Nigger-heads, fig. 10. Material 
recovered ■ Fertile flowers identifying features: Flowering glume stiff, rounded, 
bearded at the base with distinct nerves ending in ciliated awn 4-6 mm. long 

Dactyfoctenium radttlattt (R Br), Beauv, Button-grass, fig. 11. Material 
recovered* Fragments of inflorescence Identifying features: Inflorescence of 
thrre to five flowerrd spikelets, compressed, sessile, in two rows along one 
side of the axis, the end of which projects in a point; spikelets 5 mm. long, 
outer glumes unequal 

Chrnopooiacbax 

Bassia spp. Material recovered: Perianths enclosing fruits, stems. 

B patfnttcuspis. And, Spear-fruit Saltbush, fig 12. Identifying features: 
Perianth tube slightly hairy, hearing two long divergent spines, and one tubercle; 
whole ovate to oblong in shape with hollow base. 

B ventricosa , J. M Black, Common name unknown, fig. 13. Identifying 
features; Perianth tube 2-3 mm. in diameter, and slightly hairy, with tour 
spines; two short and inconspicuous, and two 3-5 mm. long, sharp and 
pointed. 

B /riVi(T/»iT, FVM. Three-spined Saltbush, fig 14. Identifying features: 
Perianth tube broad and spreading at the base, bearing three long spines 
arranged at right angles to each other and parallel to the stem. 

* Flowering shuns and palea enclose the grain or flowering parts, the whale known 
a >^ a ^ flower.” Splkokt consists of on# or many flowers enringed by empty braeta^tf 
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B* uniflora (R.Br.), F.V.M., Two-spined Saltbush, fig. 15. Identifying 
features: Perianth tube almost as broad as long, with circular, hollowed base, 
covered with short dense hairs and bearing two divergent spines, one with a 
tubercle at the base. 

Atripltx spongiosum, F.V.M., Pop Saltbush, fig, 16. Material recovered: 
Perianths with soft material destroyed. Identifying features: Matrix of 
perianth, reticulate, bard and dry, with fibrous outgrowths, basket-like in 
appearance, about 1 cm. long. 

Kochia spp.. Bluebush, fig. 17. Material recovered: Perianths enclosing 
fruits. Identifying features: Perianth flattened on the top with five horizontal 
wings attached to rim spreading outwards, also united or singly cleft 

COMFOSXTAE 

I to tt apsis gramtmfolio, Turcz, Grass Cushion, fig 18. Material recovered: 
Fruits. Identifying features: Fruit a cylindrical achcnc, hairy, about 2 mm. 
long, bearing a pappus of eight to twelve obtuse scales about the same length 

Calotts cymbacantha, F.V.M., Yellow Burr-Daisy, fig 19 Materials recovered: 
Fruits. Identifying features. Fruit an achene, flat, tube re u late, with two 
divergent awns, boat shaped at Lhe base and set at right angles to the flat 
faces of the achene, enclosing the convex apex. 

Boraginaceae 

Lap pul a con cava, F.V M, Burr Stickserd, fig 20 Material recovered: 
Nutlets Identifying features Nutlet with raised margin bearing eight to 
ten barbed pnckles, the back concave and rough (4 nutlets from each fruit). 

Umhklliterae 

Dqucus glochxdxatus (Labill.), Fisch, Me> el Avi-Lall, Australian Carrot, 
fig. 21. Material recovered: Fruitlets Identifying features Fruitlet with 
three inconspicuous primary ribs and four prominent secondary ribs, the latter 
bearing long bristles barbed at the Up. (Two fruitlets from each fruit.) 

D Carota , L., Wild Carrot, fig 22 Similar to above, but fruitlet usually 
smaller and prickles not barbed. 

Rosaceae 

Aeaena Sanyuisorba (L.F ), Vahl, 2.1 M.iitnul ittmuod 

Groups of fnnts, fruits. Identifying features Fruits m dense globular heads, 
about 2 cm in diameter; each fruit bearing four long pnckles barbed at the tip. 


LEGUMINObAE 

Trxfolxum striatum, L, Knotted Clover, fig 24 Material recovered: Fruits 
Identifying features: Fruit almost srlobular in shape, covered with fine, soft 
hairs and bearing five spreading rigid teeth. 

Acacia■, spp., fig. 25. Material recovered: Fragments of leaves, seldom very 
many present. Identifying features: Typical features of Acacia leaves of 
phylloae or bi-pinnate types. 

Bbyofhyta (Non-Flowcnng Plants) 

Musci spp, Mosses, fig. 26. Material recovered: Stems bearing leaves. 
Identifying features: Features typical of vegetative parts of mosses. 

Manner of Retention of Material in the Wool. 

The fragments of vegetable material discussed above, all possess 
features which assist their retention in wool. With the fragments 
of the grasses, the sharp points of the flowering glumes, the rough 
surfaces of tlle awns and the glumes and the hairs covering them act 
in this maimer. Tlie other types of vegetable material possess smooth 
or barbed spines, prickles, or fibrous outgrowths, scaly appendages 
or fine leafy stems, 
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Of the species which were not recorded by Milthorpe, two—Pop 
Saltbush (Atriplex spongiosum) and Biddy-Biddy (Aeaena sangm - 
sorba) were striking. Both were always found in great quantity in 
the samples from which they were recovered. The perianths of Pop 
Saltbush from which the soft portions had disappeared, were very hard 
and impregnated with dirt. They became surrounded by a thick felt 
of wool, and appeared similar to the buns produced in wool by fruits 
of the Medics. The entire heads of Biddy-Biddy were firmly em¬ 
bedded in the wool, or, if the head was broken apart, the individual 
fruits, when very plentiful, appeared as a brown crust on the surface 
of the fleece. Any other wool which came in contact with this crust 
immediately became entangled with it. 
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6 —Late Quaternary Changer of Sea-Level at Rottnest 
Island l Western Australia 

By CURT TEICHERT, D.Sc. 

[Read 10th October, 1040] 


’ , Abstract 

itett dm t Bland* situated eleven male* off the coast of Western Australia near 
yrOttyaimOj cOn^atl predominantly of dune rock of presumably late Pleistocene 
Sdme tttfine limestones, including a fossil coral reef are probably of 
> g iea i t r age Part of the island is occupied by a senes of salt lakes 
f nt sub Recent time formed an embayment of the sea Eroaional features 
.. i I w i m and undercut cliffs as well as the existence of shell deposits 
■i 1 v*r*opj bents above sea-level mggeit lowering of sea level in the post- 
feet by two steps mterrupted by stillstand penods at about 
$ mt *44 4 fact above present sea level 



, 4 Introduction 

A&iDUgH Rottnest Island is one of the most popular holiday resorts 
Australia and within easy reach of Perth and the metro 
totffefcn art*, no mote than passing references to its geology may be 
Ipttfkt m existing literature The following notes are the result of two 
V&its to the island in 1938 and 194S together of about three weeks'' 
dntatiqp Geological observations on the island are facilitated by 
good maps A map on the scale 16 chains = 1 inch is available from 
Hi* Xapas Department of Western Austialia and (luring the war the* 
Department of the Aimy issued a contour map on the scale of 
4 inches =» 1 mile A \eiv useful little map about mile = 1 inch, 
fa on distribution at the ( ovrmmcnt Tounst Office of Western Aus 
tfalia l many \dmiraltv Clutt 240 Approaches to Fiemantle/' 
was found very helpful it gi\es Jvottncst Island and burrounding 
reefs and w^teis on the scale 2 ‘>00 feet — 1 inch 

M\ thanl s aic dm to Mi W illiam Blown now of the Australasian 
Fctroleu n Coi i m> Mtllournc \ to assisted me in various ways 
on a number of < vein Mom to liffeicnt pirts of the island in December, 
1915 nnd to Mi Gordon Smith of the University of Western 
Austialia who helped to take a line of soundings across Go\ernment 
House like Ptofcssor F de L Clarke and Dr R W Fairbndge, 
of the Uni\etsity of Western Austnln. lud the kindness to read 
through the manuscript and made a number of valuable suggestions 
foi which I im much mdelited to them 


General Description 

Rottnest Island lies in the Indian Ocean elc\cn miles off the coast 
of Westein Australia slightly north of the latitude of Fremantle 
Its greatest length is in an east west direction from Philip Point to 
Cape Vlaming (o\er miles) its greatest width in a north south 
dnection between Pari er Point and Point Clune slightly less than 
3 miles It covcis an area of appt oximately 7 1/3 square miles 
The island rises ftom the continental shelf inside the 10 fathom 
line which in this vicinity butges oceanward to a distance of almost 
20 miles from the mainland (fig 1) The coaBts are partly sandy, 
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but partly formed by cliffs, and the surface of the hfand is irregularly 
MSy. Toe highest elevation is 154 feet, situated almost in the centre 
of the island and bearing the principal lighthouse, and hills higher 
than 100 feet are found in many parts of the island. 



Kp. I.—Put of Um «s«it af W —ti rn AubaUa. Swuwlas —Mat MS, Mf, m< 
Bottnot Uaad. (Depths In fUhoou.) 


Much of its surface is covered by blown sand, although solid rocks 
crop out in many places and are exposed intermittently all along the 
coasts. These rocks are limestones and calcareous sandstones of what 
in Western Australia is generally known as the “Coastal Limestone 
Series" and will be described in more detail below. 

One of the most attractive features and one to which the island 
owes much of its popularity as a holiday resort, is a series of salt 
lakes in the eastern half There are four principal lakes—Government 
House Lake, Serpentine Lake, Lake Herschell, and Lake Bagdad— 
in addition to a few smaller ones. Together the lakes cover an ana of 
about OB square miles, or about one-mnth of the surface of Rottnest 
Island. A line of soundings taken across Government House Lake 
indicated the existence of a fairly flat bottom at depths of from 23 
to 28 feet 

The water of all the lakes is highly saline. In summer time the 
lake levels fall, owing to excessive evaporation and the salinity probably 
increases correspondingly. During the rainy season in winter time 
the lakes rise and the salinity must be presumed to be lower. 
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it water taken from Government 
has been made available by (he 


OMott carbonate (CaCC^). 

Calcium sulphate (CaSO«). 

Magnesium sulphate (MgSO ( ). 

Sworn nitrate (NaNO»). 

Magnesium chloride (MgQ t ). 

Potassium chloride (KLu). 

Sodium chloride (NaCl). 

Irbn and aluminium oxides (Fe»0» and Al t O t ) .. .. 
SiHca (SiO.). 


%• 

037 

460 

11.04 

Nil 

17.19 

3.40 

100.67 

0.50 

Traces 


Total.145.8 •/„ 

Total hardness. 31.0 

Total magn es ium. 66 

pH — 8 A 


Encircling the lakes is an almost continuous platform of varying 
width which is submerged during the wet season, but dry in summer. 
It is carved out of the dune limestone and its position seems to be 
at pr es ent mean sea-level or very slightly higher It is covered with 
fossil shells, mostly gastropods and pelecypods, and shell deposits are 
also found in the vicinity of the lakes up to a height of several feet above 
the highest present lakes level. 

Lastly we find all over the island indications of erosive activity by 
the sea at various levels above present sea-level* erosion benches, 
notches, platforms, and raised beaches In this respect Rottnest Island 
is of outstanding interest and there is probably no better place in 
Western Australia for the study of recent movements of sea-level. 
Brief references to wave-cut platforms, undercut lake cliffs, and 
“raised” shell beds may be found in papers, chiefly concerned with 
mainland features, by Somerville (1921), Aurousseau and Budge 
(1921), and by Clarke (1926), but no systematic description of these 
features has as yet been attempted 


Tides and Levels of Reference 

As everywhere along the coasts of south-western Australia, the tides 
at Rottnest Island are irregular and highly variable. “Between North- 
West Cape and Cape Leeuwin, the tides are greatly influenced by the 
wind, varying as much as 2 feet with off-shore and on-shore winds, the 
former reducing the sea-level The nse and fall varies from 2 to 5 
feet The higher sea-level is attained in June and exceeds the lower 
sea-level, which is attained in November, by about 2 feet” (Australia 
Pilot, Vol. V). 

It is common practice to record the position of shore-line features 
with reference to either mean sea-level or else low water level or 
Admiralty Datum. Under certain conditions this procedure is apt 
to lead to confusion, because, depending on the range of the tides, 
synchronous and homologous shore features may yppear at very 
different heights above mean sea-level or above datum. The same sea 
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might heap up a beach ridge 5 feet above datum in one place along' 
a coast and at 25 feet or 35 feet above datum a few hundred miles 
farther on. However, in both places the position of the beach ridge 
would be at or slujhtly above high water level and it seems, therefore, 
more natural to fix the height of shore line features with reference 
to that tide level to which they owe their origin. High water level 
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springs (H ; W.U5.) should be the level of reference for such features 
as beach ridges; low water level springs (L.W.L.S.) should be the 
level of reference for rock benches and coral reef tops, and so 
on. In case of doubt recourse could always be had to L.W.L.S. or 
Admiralty datum. In all cases a clear statement of the tidal conditions 
in the area under consideration should accompany or precede the 
description of shore line features. 

All levels recorded in this paper were measured with an Abney 
level, but the tidal ran^e on Rottnest Island being small and the time 
of arrival of the rides irregular, high water marks are usually neither 
dear nor very reliable. An error of one foot, or even two feet, may 
therefore be easily introduced in measurements which have high water 
level as their level of reference. In general, it may be assumed that 
in this paper H.W.L.S, is 4-5 feet, L.W.L.S. 0-1 foot above datum. 
Coastal Limestone Series 

The bulk of Rottnest Island consists of limestones and calcareous 
sandstones of the Coastal Limestone Series. Some of these rocks 
are marine, sortie are of aeolian origin, hut the latter by far outweigh 
the former in importance. Dune limestones crop out in many places 
on the island and form most of the coastal cliffs. In some places the 
dune limestone can be seen to rest on marine, fossiliferotis limestone. 
A deep bore has penetrated this limestone series to a depth of 200 feet 
below sea level, so that it may be assumed that the sea-floor in the 
vicinity of the island, approximately down to the 30 fathom line, 
consists of the same rocks. 

The best place to study the older marine limestones of the island 
is Salmon Bay, in the middle of the south coast. 

The Fossil Coral Reef in Salmon Bay 

In the middle of Salmon Bay, on the south side of the island, is 
a low, rather inconspicuous, limestone cliff, forming an exposure about 
300 yards long. This cliff rises from a limestone platform at approxi¬ 
mately low water level, the platform sloping seaward at a low angle. 
At approximately mean higfh water level there is a narrow bench 
not more than a few feet wide and just above this level the cliff is 
in most places strongly undercut. The top of the cliff is almost 
horizontal at a height of about 10 feet above L.W.L.S. (Plate V, 
fig. 1). 

The eastern half of the cliff consists of an emerged coral reef 
which rises to heights between 6 ft. 6 in. and 8 ft. 3 in. above the 
low water level platform. This platform continues to the east of the 
cliff where it can be followed at and below L.W.L. under a cover 
of beach sand. As far as can be seen it consists of solid coral lime¬ 
stone for a distance of at least another 30 or 40 yards and the coral 
reef must originally have extended in this direction. The predominating 
forms in the reef limestone are branching species of AcroPora mixed 
with some foliose types, and in some places large colonies of Platygyra 
lamellina and of Favites favosus may be seem 

The thickness of this reef is possibly not great, because in some 
places it does not seem to extend below L.W.L. and can be seen to be 
underlain by calcareous, fossiliferous, though non-coralliferous, sand¬ 
stone. 

The slightly irregular surface of the reef is overlain by bedded, 
non-coralliferous limestone, or calcareous sandstone, which has a 
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rather uniform thickness of 2 ft 9 in This bed contains many sheik, 
particularly gastropods among which Turbo stawmtus is very common. 

The reef limestone doe* not extend along the entire length of the 
cliff At about 500 feet from the eastern end of die cliff it grades 
into c&lcaieous sandstone with shelly fossils which for some distance 
from the edge of the reef limestone contains some coral boulders, 
obviously derived from the old reef (fig I) 
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Other Marine Limestones 

Marine fossiliferous limestones or calcareous sandstones are found 
m some places but their relationship with the dune limestones is not 
always clear In the western half of Geordie Bay there are limestones 
with Katehsta, Cardtum and Poltntces to a height of 1J4 2 feet 
above H W L In Thompson Bay about 100 yards west of the mam 
jettj fossiliferous limestones mainly containing Katelysia, rise from 
LWL inshore to a height somewhat above H W L However in 
neither place can the relationships of these rocks with the dune 
limestones be established Away from the shore solid limestone with 
pelecypods occuis 8 9 feet above HWL on the east side of the 
spur separating Government House Lake from Serpentine Lake and 
a narrow ridge of shell limestone rising to about 5 feet above H VV L., 
separates Padbuty s Hat from the eastern arm of Lake Bagdad I rom 
their general occurrence it is likely tliat these two deposits foim part 
of the Coastal I imestone Series and aie older than the surrounding 
dune limestones 

Llsewhere limestones largely made up of shell grit are met with 
at or slightly above HWL c j along the shores of Wilson Bay 

Dunf Limfstones 

Dune limestones make up the bulk of Rottnest Island Since lime 
stones of this t>pe ha\e a wide distribution along the coasts of 
We tem Austnlia and twe been discussed by me in two lecent 
public itions (1947 i and b) little need be said about them here 
GiaraUenstic outcrops enn be seen everywhere on the island A 
paiticularly instructive and easily accessible section may be studied at 
Bilhurst Point at the north wtstem end of Thompson Bay Certain 
layers of the limestone are heie penetrated by root structures" 
gtnerillv calcareous secondary fillings of cavities left by the decay of 
roots )f ancient vtgeiation—a characteristic feature of these dune 
him stones in nil parts of Western Australia Such root structures may 
be seen in other pnrts of the island, eg, at Strickland Bay at Vera 
Rock and at Salmon Point and in some places the layers containing 
them may be seen to disappear below sea level 






Curt Ttichtrt : Quaternary Changes of Sea-Levet (9 

Another interesting feature of the section it Bathurst Pbint it the 
existence of two generations of dune limestones. Just north of the 
lighthouse a lower cross-bedded grey limestone is separated from an 
upper, whitish, friable limestone, dipping 25° S,, by a somewhat 
irregular har de n ed layer which in every respect resembles the traver¬ 
tine crust which is now found mi die surface of many done limestones 
on the m a i n l a n d. Apparently sufficient time elapsed between the 
formation of the two dune limestones at Bathurst Point to allow a 
travertine crust to develop on the earlier dune, before it was buried 
by the second. 

Very similar conditions can be observed at Vera Rock, on die south 
coast A feature which adds to the interest of this locality is the 
covering of recent blown calcareous sand with partly travertine- 
'encrusted roots of living trees, demonstrating a dune limestone 
with root structures mi statu nascendi 
In general the dune limestones are characterized by the prevalence 
of steeply dipping ("foreset”) beds, mostly dipping at 20° to 25® 
in various directions. In many places such steeply dipping beds are 
found down to and below L.W.I1 
The dune li m estones are uniformly fine grained rocks, consisting 
mostly of fragments of shells and other organic remains, with a 
varying admixture of quartz grains. Occasionally, however, coarser 
shell grit and larger quartz grams were blown up high. An interesting 
patch of such material was found about 60 feet above S.L. on a 
hill east of Mt. HerschelL 

Acs and Corrugation op the Coastal Limestone 
The geological section at Salmon Bay is of considerable interest 
because it resembles closely the section of the older limestones of 
the Abrolhos Islands, 300 miles farther north (Tei chert 1947a). The 
major islands of this group are characterized by a foundation of solid 
reef limestone, overlain by on the avenge about 3 feet of non- 
coralline limestone, containing a shelly fossil fauna The tops of these 
shell limestone platforms are as a rule situated about 10 feet above 
H.W.L, that is, at the same height as the top of the non-coralline 
limestone in the Salmon Bay cliff. A small coral reef on the mainland 
coast at Dongarre, 30 miles south of Geraldton, occupies a very 
similar position (Teichert 1947a), and it seems an obvious conclusion 
that the older reef limestones of the Abrolhos Islands, the Dongarra 
reef, and the Salmon Bay reef of Rottnest Island are all of the same 
age. I have previously suggested that they were formed during an 
interglacial period of tne Pleistocene, when the sea-level stood higher 
than now and the climate was possibly slightly warmer. Reef building 
corals, including a vigorous growth of Aeropora, then found a favour¬ 
able environment 300 miles south of the present southern limit of the 
coral reef belt. 

Even to-day a fairly vigorous growth of reef corals is found in a 
few places around Rottnest Island. In the tidal zone near Cape 
Vlaming there are many healthy colonies of PocUlofora, and 
Siderastraea radians also occurs there. Numerous patches of vividly 
coloured PocUlopara colonies can be seen in the vicinity of Cape 
Parker and, no doubt, they must occur elsewhere along the coasts of 
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the island On the beach near Parker Point I found a bleached, 
though very fresh-looking specimen of Ptatygyra (“Mtandrina’*) tam*t~ 
lina which makes it seem likely that this typioal reef coral still survives 
in the waters around Rottnest 

The stratigraphical position of the dune limestones of Rottnest 
Island corresponds to that of the dune limestones of the Abroihos 
Islands and of the mainland of Western Australia. Observations on 
Rottnest Island strongly suggest that the dune limestones were 
deposited at a time when the water level stood lower than now, for 
almost everywhere they can be seen to extend below L.W.U and 
they are now being vigorously attacked by marine erosion. Age and 
correlation of these rocks have been discussed more fully elsewhere 
(1947 a and b): they were regarded as formations of one of the 
later glacial stages, probably the last, of the Pleistocene, built up at 
a time when much of the limestone-covered continental shelf was 
exposed above sea-level and thus furnished material for extensive 
dune formations along a thousand-mile stretch of mainland coast 
Dunes were thus accumulated on the promontory formed by the 
10-fathom line and elsewhere on the continental shelf. 

The Shell Deposits of the Lake Area , 

The shores of the salt lakes are lined with fossiliferous rocks and 
loose deposits in which shells of pelecypods and gastropods predomi¬ 
nate, in most places to such an extent that we may speak of "shell 
deposits" or "coquina Ijeds." Almost any jxmit on the lake shores 
is equally well suited for the study of these formations, although they 
are better developed in some places than in others Along certain 
shores they form but a run row fringe, as, eq, on the north coasts 
of Lakes Bagdad and Herschell. Elsewhere, for example, east of 
Lake Bagdad an 1 along the south side of Serpentine Lake, they form 
wider belts. Abo, a low flat area north of Garden Lake, almost 
extending as far as the sea to the north and separated from the 
"Basin" only by a nanow j idtre of dune limestone, is entirely covered 
with deposits of the same kind. East of Government House Lake 
is another large flat area, part of which is used as an aerodrome, 
extending as far and beyond Bickley Swamp; this flat is also entered 
with shell deposits, though of a somewhat different type. 

Whereas e\ery\vhere else the shell beds are surrounded by dune 
limestone ridges, towards the north-east, between Government House 
Lake and Thompson Bav they are covered by more recent, loose sand 
dunes which form a narrow belt along the coast between a point 
somewhat NAV. of the old Government House and the vicinity of 
Philip Point. Strongly eroded dune limestone crops out on the coast 
a short distance west of the Point. 

Along the lake shores the shell deposits are cemented into limestone, 
apparently because here they are alternately submerged and exposed 
with the changing seasons. In summer the lake level falls and exposes 
a fringe or platform of fossiliferous limestone from which large col¬ 
lections can be made. The position of this platform, as mentioned 
earlier, i^pproximately at, or perhaps slightly higher than M.S.L* 
The lakes?re, of course, now quite devoid of molluscan life, the salinity 
exceeding 10% in the summer. 
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Away from the lake shores the deposits are uncemented and rise 
to varying heights. They were found in the highest position on a 
small flat in the eastern continuation of Lake Bagdad, just south-west 
of Mount Herschell. From the limestone platform on the lake shore 
the ground rises gradually to a terrace about 9 feet high (approximately 
6-7 feet above H.W.L.S,) which consists entirely of densely packed 
shells, mostly rather large forms such as Marcia, Katelysia, Bullaria, 
Potinices, but also Peronidella and regular echinoids. From this 
terrace shell beds rise further to a height of 12J4 feet (about 10 feet 
above H.W.L.S.), but these higher deposits consist of shell grit and 
small shells, mostly gastropods of the Coxiella type. This is the 
highest point ht which such deposits have been found. 

On Padbury’s Flat, north of Lake Bagdad, loose shell deposits were 
found tip to a height of 5 ft. 3 in. above the lake shore platform 
(about 3 feet above H.W.L.S.). On the north-east side of Govern¬ 
ment House Lake, south-east of View Hill, there arc distinct beach 
ridges of loose shell material, but their height was not measured. 
Finirily, the surface of the flat east of Government House Lake is 
6 ft. 3 in. above the lake shore platform (8 to 9 feet above L.W.L.S.) 

As to the composition of the coquina deposits in various parts of 
the island, no close analysis has as yet been made. Reath, in 1925, 
listed the following mollusran species from "sub-recent" deposits on 
Rottnest Island: 

PELECYPODA .—Brachyodontes erosus I,am„ Cardita sp. Dosinia 
fucinalis Lam., Marcia peronii Lam., Veneruplis planicosta Desh., 
Amphidesma praecisa Reeve, Nausitoria saulii Wright 

GASTROPODA —Cantharidus nitens Kiener, Patelloidea con- 
noidea Quay and Gainard, Bembicium melanostoma, Bittium estuarium 
Tate, Tonna vartegata Ten. Woods, Arcularia victoriana Iredale, A. 
rufula Kiener, 

It is probable that most, if not all, of these come from the shell 
deposits of the salt lake area, though even a preliminary survey of the 
shell deposits shows that the list must be rather incomplete*. How¬ 
ever, I am not in a position to make many additions, but other forces 
noticed included Ostrea, Chatna, Vermetus, and Turbo. 

Besides the shelly fauna, echinoids are commonly found, particularly 
fragments of the large irregular genus Peronidella . In the vicinity 
of the bathing jetty on the shore of Government House Lake 
there is a large colony of Favites embedded in the limestone—the only 
fossil coral seen on the island outside the Salmon Bay coral reef.' 

The greatest variety of species is as a rule found in the immediate, 
vicinity of the present lakes and up to a few feet above the lake ebo^pL 

? latform. The highest deposits seem to have an impoverished fauna.' 
t has already been mentioned that the deposits at heights between 
9 and 12# feet east of Lake Bagdad consist largely of CoxieBa . Simi¬ 
larly, the deposits east of Government House Lake may be described 
as shell sand in which Coxiella is common, although there is a fair 
admixture of pelecypod shells, chiefly Katelysia. In the eastern exten¬ 
sion of this flat is Bickley Swamp which is underlain by a marly 
deposit containing some Coxiella shells. _ 

• it met be nuembered that tbe oolifotiona atari Wd by Reath o*me front aoreral deposit* 
of dHfimtt am. Soma earn* from Mi defleltalr older than the dona limeetonoa (Pepper- 
vtniGxote,Minim Oort) and thenfoi* Of Pwatooeae age. 
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Marin# B#nch#s and OtW Erosion Marb 

Perhaps the most striking features of Rottnest IsUttd'are the maty 
signs of marine erosion at various heights above sea^leVei, found in 
many parts of the outer coast, but more particularly around the shore* 
of the salt lakes. It is easily possible to distinguish three levds of 
marine erosion which may be known as “high,” “intermediate/' and 
“low" respectively, although in a few cases certain erosiooal or other 
features cannot be correlated with certainty with any of these levels. 

One of the localities where all three erosion levels may be observd 
in most perfect preservation is on the north shore of Government House 
Lake, close to the Causeway (fig. 4; pi. V, fig. 2). Here dune lime- 
Thi 
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stone with south-east dipping stratification is exposed in a cliff which 
forms an overhanging ledge several feet wide. This ledge is perfectly 
flat, carved out of the limestone, and is situated about 8 ft 9 in. 
above the limestone platform surrounding the lake, or about 11 feet 
above L.W.L. Below this ledge there is a well-marked erosion notch 
the base of which is 4 ft. 6 ia below the level of the platform. 
Farther down near the foot of the cliff the limestone is much mot, 
strongly eroded by a deeply incised notch, the base of which is 2 ft. 
6 in. below the base of the upper notch and about 1 ft. 9 in. above the 
lake shore platform. This platform is situated at or perhaps slightly 
above mean sea-level. 

A similar cliff profile, although not often so well developed, may be 
seen elsewhere along the lake shores, for example on some small islets 
between Lakes Bagdad and Herschell, and on the north side of 
Serpentine Lake. 

The characteristics of these three erosion levels may be amplified 
by some further observations: 

High Level Bench.—T his characteristic feature is pre s erved in 
many parts of the island along the outer coast as well as along the 
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lake shore* and has already been briefly referred to in publications 
by Somerville (1921) and by Clarice (1926). It is no doubt the 
remnant of a normal shore platform (Pi. VI, figs 1, 2). Along the 
ottter coast its surface is at about 10 feet abo\e present L.W.L. and 
along the lakes it is 8 to 9 feet above the lake shore platform, or 
about 10 to 11 feet above L.W.L. The bench is particularly well 
preserved in the vicinity of Cape Vlaming, in Wilson Bay, in various 
places along Strickland Bay and between North Point and Armstrong 
Point, but also in many other places along the outer coast In the 
lake area it shows up well along the north shore of Serpentine Lake, 
on the south side of Lake Herschell and around the shores of the 
eastern arm of Lake Bagdad. It is generally cut into cross-bedded 
or steeply dipping dune limestones and differential erosion plays no 
part in its formation. 

Associated with this level are probably the highest shell deposits 
mentioned above, especially those rising to 12}4 feet above the lake 
shore platform in the eastern extension of Lake Bagdad. 

Imtbbmhdiate Level. —In the cliff near the Causeway, this level is 
represented by the "upper notch," about 4 feet above that of the lake 
shore platform. Except near the Causeway this level is particularly 
well preserved between Lakes Bagdad and Herschell and indications 
of it may be seen elsewhere In some places, however, no traces of 
it can be detected as, eg., along the south shore of Lake Bagdad 
The shallowness of this notch together with its erratic distribution 
around the lakes suggests that the sea did not remain long at the 
level at which the notch was cut Owing to the small size of the 
lakes wave erosion must be rather ineffective and the upper as well 
as the lower notch may be regarded as essentially due to solution. 

Associated with the upper notch level are probably many of the 
shell deposits, for example, those of the flat ("aerodrome") east of 
Government House Lake which rises to about 6 feet above the lake 
shore platform. The shell beds of Pladbury's Flat and the lower 
coquina deposits east of Lake Bagdad are found at about the same 
height and probably the shell sand ridges on the north coast of 
Government House lake, south-east of View Hill, also belong here 

Along the outer coast, as may indeed be expected, most traces 
of this erosion level have been obliterated. However, in a particularly 
sheltered place in the north-east comer of Thompson Bay there are 
remnants of a fossiliferous conglomerate adhering to the cliff at a 
height of about 4^4 feet above M.S.L, which corresponds approxi¬ 
mately to the position of the upper notch in the shore cliff profile of 
the takes 

On the west side of Wilson Bay there is a marked bench situated 
at about H.W.L.S. This seems to be the vestige of a normal shore 
platform made by the same sea which was responsible for the upper 
notch of the lake cliffs. 

Low Level —This is represented by the lower notch in the lake 
shore profile which is well preserved in a great many places. Next 
to the nigh level bench it is the most characteristic feature of the lake 
shores. Its petition is between 1 and 2 feet above highest lake level. 
Its exact position relative to sea-level (M.S.L. or Datum) could only 
be established by an instrumental survey, but indications are that this 



74 Curt Tcichert: Quaternary Changes of Sea-Level 

notch is in a position corresponding to present H.W.L. and probably 
about 2 % feet higher than die erosion notch produced by the action 
of the sea at present mean sea-level around the outer coast of the 
island 

This notch, too, must be a solution feature. It is in places several 
feet deep, although the destructive power of the waves of tnese mall 
lakes must be negligible. 

Features associated with this lower notch are the lowest shell deposits 
and the limestone platform surrounding the lake shores* This is an 
erosion platform truncating dune limestones as is well seen on the 
north side of Government House Lake, near the Causeway. It is 
dry in normal summers, when the lake level falls, In most places 
the platform is covered with more recently cemented calcareous sand 
and shell grit containing many shelly and other fossils as described 
above. On the narrow shelf between Lakes Bagdad and HerscheU 
an interesting "edgewise conglomerate" can be seen formed of broken- 
up thin laminae of dune limestone. 

No traces of this erosion level have been preserved anywhere along 
the outer coast. 

Information regarding former positions of sea-level may be summed 
up in the following table: 
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On the mainland along the Swan and Helena Rivers Aurousseau and 
Budge (1921) established the presence of three erosion cycles, called 
Guildford, West Midland and Helena, each initiated by a eustatic 
lowering of sea-level. From Aurousseau and Budge's data it would 
appear that the sea-level stands were as follows: 

pre-Guildford. 22 ft. above present. 

pre-West Midland. 14 „ „ „ 

pre-Helena. 7 „ „ „ 

While there is no evidence on Rottnest Island of the pre-Guildford 
stand, the pre-West Midland stand is represented by the high-level 
platforms, as indeed already suggested by Aurousseau and Budge, 
although as we have seen sea-level might have been somewhat lower 
than indicated by those authors. The shell beds and undercut cliffs 
are correlated V Aurousseau and Budge with the Helena cycle, although 
they do not mention the existence of a double notch nor the presence 
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of shell beds at greatly varying heights. It would seem then that the 
pre-Helena stand corresponds to our intermediate level on Rottnest 
and is responsible for the upper notch of the lake shores and associated 
features, 

Evidence of the lowest 2 ft. stand has yet to be discovered on the 
mainland. 


OutitiM of Geological History 

The oldest rocks of Rottnest Island are probably the coral reef 
limestone of Salmon Bay and associated rocks, dating back to one 
of the interglacial periods of the Pleistocene. Limestone forms the 
foundation of the island down to a depth of 200 feet below sea-level, 
but the nature of these rocks is not known in detail. At the time of 
the formation of the Salmon Bay reef sea-level stood at least 8 feet 
above the present, although it is, of course, entirely possible that the 
reef stood originally higher and was subsequently denuded to ita 
present level. Owing to some change in water level or temperature 
or both, coral growth was then interrupted and non-coralline limestone 
was deposited on the eroded surface of the coral reef. 

Subsequently sea-level must have fallen and the old limestone foun¬ 
dation greatly eroded and denuded and calcareous dunes were swept 
together on top and around the erosion remnants. At that time much 
of the shelf surrounding the present island must have been dry land, 
supplying material for the large dune formations which could hardly 
have been accumulated under present-day conditions. It is also 
evident that in many places these old dunes were deposited and covered 
with vegetation in a position below present sea-level. 

The dunes were heaped up in an irregular manner into ridges and 
hummocks of different heights. No doubt the dune topography 
extends below sea-level in the vicinity of the island and the many 
reefs near its coasts are but the tops of submerged and partly 
destroyed limestone dunes. A group of dunes in the south remained 
separated from a dune ridge in the north by a series of depressions, 
now reaching 30 feet below sea-level and occupied by salt lakes. 

In general it may be concluded that the dunes were built up on 
a platform the approximate outline of which is now indicated by the 
5-fathom line, because inside this line the sea floor is very irregular, 
but beyond it the bottom slopes a wav gradually to the 10-fathom line 
and farther (fig. 5). Also, 5 fathoms is the maximum depth of 
Government House Lake. Other lakes may have similar depths. 

After the deposition and cementation of the dune limestones the 
sea rose to about 10 feet above its present level and from general 
evidence elsewhere in Western Australia (Teichert 1947a) there is 
reason to suppose that this rise was part of the general eustatic upward 
movement of sea-level after the end of the Pleistocene. The group 
of calcareous dunes, now hardened into dune limestones, became an 
island, and the dune valleys described above were converted into a 
deep and ramified inlet of the sea. With its entrance facing landward 
and away from the direction of the prevailing winds, this inlet was 
in an extremely sheltered position and offered favourable living con- 
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deposited at a time when sea-leyel stood qp to 20-25 loot M(t 
now. This corresponds well with Zemter’s Late MosmM level 
for which ample evidence seems to exist in the MedhxmSeen, h 
western Europe, and elsewhere (Zeuner, 1945, p. 249). This wan 
the lowest of all the interglacial sea-levels of the Ptoa&Oafe and 
belongs, according to Zeuner, to the last interglacial period (Risa- 
Wurm), The time was about 125,000 years ago. 

The dune limestones would have been formed at the time of eustatic 
regression during the ensuing last glacial ice-age (Wflrm). This 
conclusion seems entirely acceptable in the light of the Western 
Australian evidence. 

(2) The geological evidence for this "Late Monaaterian” level may 
easily overlap with or be camouflaged by the evidence for the post¬ 
glacial, early Recent, eu static rise in sea-level of which, as we have 
seen, there is also ample evidence in Western Australia. During this 
time platforms were carved into the late glacial dune limestones and 
loose shells deposits were heaped up. This coincidence of die last 
interglacial ana the early post-glacial sea-levels is a factor which 
probably deserves the greatest attention. 

From evidence in many parts of the world, including the Abrolhos 
Islands, it has been concluded, as indeed flrst suggested by Daly, that 
the post-glacial rise of sea-level was of the order of 15 or 20 feet, 
but no signs of a sea-level higher than 10 or 11 feet have been 
detected on Rottnest Island No explanation of this fact can be 
offered at this stage. 

As regards the lowering of sea-ievel after the high stand in early 
Recent times it is necessary to call attention to some discrepancies- 
in the evidence from Rottnest Island and from the Abrolhos Islands. 
From the mode of arrangement and preservation of the younger coral 
shingle beach ridges on some of the Abrolhos Islands I had been 
inclined to conclude (1947a) that the mid-Rccent and later subsidence 
of sea-level took place gradually and continuously during the last 
2,000 years or so and has now come to an end. On Rottnest Island 
as we have seen there is evidence of a lowering of sea-level by three 
steps, separated by two stillstand periods which have left their 
unmistakable traces in the cliffs Further light on this problem Can 
only be thrown by a more systematic investigation of die mainland 
coast of Western Australia between Cape Leeuwin and Ger&ldton. 

Recent subsidence of sea-level by steps rather than as a gradual 
phenomenon has been advocated by several modem wri t ers . In the 
Pacific Steams (1941,1945) recognised evidence for a "five-foot stand" 
and a "twenty-five-foot stand” of the sea. In die Great Barrier Reef 
Steers (1937) proved the existence of a "lower bench" indicating a 
recent 5-foot negative movement of sea-level. In die East Indies 
Kuenen (1933) found benches at 5-6)4 feet and at 1)4-3 feet above 
"mean water level." The lower one of these benches is probably to 
be correlated with our tower notch of the lake abort profile of Rottnest 
Island. 
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7—A Study of the Palaeozoic Genus Hercyitetta, with 
Description of Three Species from the Yeringian 
(Lower Devonian) of Victoria, 

By EDMUND D. GILL, B.A., B4>. 

[Read 12l1i December, 1946] 

Abstract 

Hercynella it a primitive gsstcropod which baa previously been as 

a pulmonate Evidence i» put forward which suggests that it is a normal 
marine gatteropod and not a pulmonale. This evidence deals with its analogies 
with other fossil forms, its ecology, and the palaeontological history of pul- 
mo nates Three species, including two new ones, are described. 

Taxonomy 

The classification of the genus Hercynella is most difficult, and can 
never be fuliy objective, because of the lack of structures in the 
exoskeleton to provide clues of what the animal was like. Apparent 
genetic relationships as indicated by analogy, and ecological considera¬ 
tions, are the only guides in its classification. 

History of thk Genus 

Emanuel Kayser erected the genus in 1878; its species range from 
Middle Silurian to Middle Devonian. Rarrande studied shells of this 
type, but believing them to be vety like the extant genus Pilidium 
Forbes, used the generic name Pilidion in his manuscript. Kayser was 
of the opinion that Barrande was mistaken in referring his asymmetric 
shells to the above genus of extant symmetric gasteropoda, and 
proposed the name Hercynella. Pemer pointed out that Pilidion 
latinized becomes Pilidium and so should be rejected as a junior 
homonym; Knight has shown that in any case the name was already 
occupied. 

O’Connell (1914, p. 94) claimed that “since the species bohemica 
was the type of Barrande's genus, it remains the type of Hercynetla.” 
This is apparently a reference to the description of H. bohemica as 
genotype in Perner (1911, p. 270). However, Cossmann had already 
defined H. b eyrie hi as genotype (1878, p. 142). Knight (1941, p. 
146) has brought together information on the genotype of HereyneUn 
as follows: 

"Genotype, by subsequent designation of Cossmann, 1895 (p. 142) 

HereyncUa beyrichi Kayser, 1878. 

Objective Synonyms: 

1. Pilidium Kayser, 1878 (p. 101), a homonym of Pilidium 
Muller 1846, Forbes 1849, and Middendorf, 1851. Genotype, 
by objective synonymy, Hercynella beyrichi Kayser, 1878. 

2, Pilidion Pemer, 1911 (p. 270), a homonym of Puidion Wagler, 
1830. Genotype, by objective synonymy, Hercynella beyrichi 
Kayser, 1878." 
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Nature of Exoskelston 

Most living gasteropoda have an exoskeleton which consists of a 
homy periostracum, under which are two layers of calcium carbonate 
(outer layer calfite; inner one aragonite). The periostracum ia seldom 
preserved on fossils. Many Hercynclla shells are exceedingly thin, 
H. kiUarenHs (0,25 to 0.55 mm, thick), and if they were composed 
of calcium carbonate alone, they would have been practically useless 
as organs of support or protection. To have strength at all, it must 
have possessed, one imagines, a strong periostracum of some kind. 
The amount of calcium carbonate apparently varied from species to 
species, as some of the Bohemian forms, for example, had quite thick 
shells. 

Surface features of the exoskeleton (generally called “ornament," a 
term which does not express the scientific conception of these struc¬ 
tures) consist of (a) radial lines or folds, and/or (b) concentric lines 
or folds. The concentric structures may be regarded as an hypertrophy 
of growth line structures. In most cases the characteristic fold of 
the genus may be interpreted as an hypertrophy of a radial plica, but 
in some cases it is curved without relation to the ornament. Knight 
(1941, p. 147), says that the fold may be on either the left or the 
right side, an interesting point from the point of view of genetics. 

The tendencies towards radial and concentric ornament are developed 
to varying degrees in the species described in this paper. H . victorias 
has a radial ornament of very narrow folds or plicae, about one 
millimetre wide at the margin of mature shells. They are plicae and 
not costae, because they mvolve the whole thickness of the shell, 
appearing on the stcinkem as well as in the external mould. 

H. kiUarensis has concentric undulations superimposed on which are 
radial ribs and concentric lirae. 

H . pstosoida has narrow concentric undulations and growth lines 
with very faint and fine radial lirae. 

Orientation 

There is no way of determining for certain which is the anterior 
and which the posterior end of the shell, in Hercynella, because of the 
lack of muscle scars, etc. Analog}' is the only aid. The patelliform 
and coniform shells described in Knight's (1941) monograph on 
“Paleozoic Gasteropod Genotypes” were listed, and it was found 
that the orientation of only seven of some 21 forms was known for 
certain. It was noted that in all cases except Halophiala (whose apex 
is sub-central), there is a displacement of the apex towards one end 
or the other, and any inclination of the apex or commencement of 
enrolment is in that same direction. In the seven genera whose 
orientation is known, the apex of five is displaced anteriorly, and of 
two posteriorly. Genera of similar form in Davies’ (1935) "Tertiary 
Faunas” were then listed and seven were noted to have a displacement 
of the apex (Helcion and Acmata were treated as the same genus for 
the present purpose, as their shells cannot be distinguished). In 
these it was noted that the apex is displaced posteriorly in five genera, 
and anteriorly in two*—the opposite from the palaeozoic general A 
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special study would be necessary to determine to what extent those 
figures are significant, but the following points ere worth making: 

(a) The number of palaeozoic patelloia gen er a is much greater, 

which is to be expected in view of the fact that the cone la 
the original fundamental shape of the gastropod exoskeleton. 
Davies suggests (1935, p. 209), that all the extant potelliform 
shells have been secondarily developed from more usual 
forms. 

(b) That the displacement of the apex is the reversal in most 

genera, in the Tertiary, from that which occurs in most 
palaeozoic genera is interesting in view of gasteropod 
torsion, but the point needs further investigation anatomically 
and ontogenetically. 

It would appear that as the majority of palaeozoic patelloid genera 
have their apices displaced anteriorly, the end of HercyneUa towards 
which the apex is displaced, should, for the sake of description, be 
regarded as the anterior end. 

Ontogeny and Evolution 

Typical gasteropods develop a shell in the advanced larval stage, 
which, no doubt, acts as a protective organ. It is essentially a cap 
or cone which enlarges as the animal grows, i.e., as the membrane 
secreting the shell enlarges, it produces a larger shdl section. The 
original cap or protoconch widens as it grows and results in the cone 
shape. This fundamental cone shape is modified in every conceivable 
way; every stage is present between a slightly inclined apex and a 
fully enrolled shell. The enrolment may be in the same plane, giving 
a cuomphaloid shell; or it may circle an imaginary axis to give 
anything from a low spire to a Turritclla type. Sometimes the cone 
is coiled loosely and sometimes tightly. All manner of variations in 
so-called ornament are also to be found. These features were ap¬ 
parently all governed by genes, as they were inherited from genera¬ 
tion to generation. 

Now just as Lingula among the brachiopods has maintained the 
simple brachiopod exoskeleton (a dorsal plate and a ventral plate), 
throughout almost the whole of the palaeontological sequence, so 
there is a succession of gasteropods which have maintained the simple 
conoid gasteroi>od shell. 7 iercvnclla is a Silurian and Devonian 
genus which possesses a cone-like exoskeleton, not far from the 
gasteropod prototype (see Borradaile ct auett ., 1935, p. 544). It has 
an erect apex as a rule, but the cone is modified by a radial ridge 
and/or sinus. Its later ontogeny is portrayed in a series of growth 
lines which indicate that it began ns a minute cone which enlarged as 
the animal grew. The embryonic shell or nucleus apparently con¬ 
sisted of a micromorph of the adult shell. 

If the fundamental form of the exoslceleton of gasteropods is a 
cone, then it is to be expected that the earliest gasteropods would 
conform to this pattern. Cambrian genera such as Helcionetto , 
Hypseloconus, Met optoma, Palacacmaca, ParmorpheUa, Proplino, 
SceneUa, and Trybltdium are all patelliform or coniform shells. A 
succession of similar forms can be traced through die various 
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geological periods, although the genetic relationships of these genera 
have not yet been fully determined. However, the relationship of 
Hercynella to other genera will now be discussed. 

Genetic Relationships 

Symmetry is a major concept in zoology. The prototype gasteropod 
exoskeleton was apparently a symmetrical cone, but modifications of 
the cone lead commonly from a radial to a bilateral symmetry. The 
genus Hercynella comprises a group of species which are strangely 
asymmetrical, chiefly because of an eccentric apex and a curious fold 
and/or sinus characteristic of the genus. Apparent evidence of a 
previous bilateral symmetry is seen in an early form like H. patclli- 
formis (from the Rertie Waterlime), whose apex is not far from the 
centre, whose outline is regular and not far from the circular, and 
which has no sharp sinus or elevated fold, but simply a slight inward 
flexure. 

Early workers were by no means certain as to what the relationships 
of Hercynella were. Fischer put the genus in the family Fissui' llidae, 
but commented that it was impossible at the time to classify 
Hercynella. Kayser compared Hercynella with the Fatellidae and 
Capulidae, while Pemer provided support for a comparison of the 
genus with the Tertiary gastcropod Valcnciennesia, a pulmonate which 
has a very definite groove on the left side accommodating a respiratory 
tube (see Davies, 1935). Subsequent writers seem to have accepted 
this hypothesis without re-examination, and looked upon the fold in 
the shell of Hercynella as homologous with the pulmonary groove, of 
Valcnciennesia. But the fold may, in reality, have no such biological 
significance, because: 

(a) In H. patelliformis the “fold” is but a very shallow sinus 
almost on the longitudinal axis of the shell. 

<b) In H . vicloriae it is a simple fold in the shell with a concave 
flexure on each side, sharper on one side than the other. 

{c) In H. petasoida there is a fairly sharp fold and a sharp sinus 
but they are not contiguous. 

(d) In H. heyrichi, the genotype, there is a sharp curved fold. 

•(e) H. bohemica has a curved fold, but it is not a raised convex 
feature, but rather the surface of the shell dropping in and 
continuing at a lower level. 

{f) In some specimens of //. nobilis, there are two folds almost 
opposite each other (Pemer, pis. 47 and 49). 

-(g) In the young specimens of some species (e.g., //. bohemica), 
the fold is almost indiscernible. 

(h) In H petasoida and H killarensis , spp. nov., the shell is 
modified by both a fold and a sinus. 

There are a large number of variations, and, in some species, the 
structure may appear on either the left or the right side of the median 
axis. It is apparent from this brief description of the variations in 
Hercynella that there is no clear homology between the fold in ’ie 
shell of this genus and the well-defined, consistently-placed respiratc -y 
groove of Valcnciennesia. 

Further, there is reason to believe that the genetic relationship’ of 
Hercynella are with contemporary fully marine gasteropods rather 
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than with the Tertiary genus Voleneiennesia, HercyneUa ranges from 
Middle Silurian to Middle Devonian, but appears to have readied it* 
acme in die Lower Devonian. Contemporary genera possessing a 
similar type of exoskeleton are Calloconus, Urthmyehta, and Pro* 
crucibulum. CaOoconus Pettier (genotype from the Lower Devonian 
of Bohemia), is a gasteropod with coniform shell, eccentric apex tilted 
slightly anteriorly(?), outline of aperture broadly sub-elliptical, and 
shell thick with concentric undulations; there is no fold or sinus as in 
Hercynella. However, HercyneUa killarensis sp, nov., has an eccea- 
tnc apex tilted anteriorly and concentric undulations. Orthonychia 
Hall has a shell in the form of a high cone (horn-shaped), with 
inclined, but not coiled, apex in the simpler form (e.g., the genotype)* 
but having radial folds and some other modifications in other species. 
The genotype comes from the Lower Devonian of United States of 
America. Procrucibulum Peraer (genotype from Bohemian Lower 
Devonian), is a gasteropod with a patettiform exoskeleton haying a 
slightly twisted apex, and a low sharp ridge rising in the apex inside 
the shell and passing clockwise in a very gentle spiral, conformable to 
the twist of the shell, but dying out before reaching the margin. It 
is to be noted that this is not the coiling of a cone or tube as in a 
typical gasteropod ; but, rather, a twist in the cone itself, reflecting a 
twisting of the visceral hump—a most interesting fact in view of 
gasteropod torsion. 

It would appear, then, that in the genera Calloconus , Orthonychia* 
Procrucibulum , and Hercynella, we have four related variants of the 
primitive gasteropod cone, the nearest to which in known fossils is 
Palaeocmae a, whose genotype comes from the Cambrian and whose 
species stretch into the Ordovician and may be Silurian. 

The Calloconus exoskelcton presents a bilateral symmetry, having 
lost the original radial symmetry by having an aperture with a sub- 
elliptical in place of a circular outline, and also an apex inclined ( ?) 
anteriorly; this is the first stage in the enrolment of the gasteropod 
cone. Orthonychia has this same commencement of coiling, and some 
species have radial folds in the shell. 

Procrucibulum modifies the simple conoid exoskelcton by being 
slightly asymmetric and having a twist or torsion. Hercynella pos¬ 
sesses typically an asymmetric apex, and is made still more asymmet¬ 
rical by a radial ridge and/or sinus, which occurs on one side or other 
of the longitudinal axis. 

The foregoing facts suggest that Palaeacmaea , Calloconus, Ortho - 
nyehia, Procrucibulum, and Hercynella are, in some way, genetically 
related. But the last-named genus has hitherto been classified as a 
pulmcmate. I am of the opinion that Hercynella is a fully marine 
gasteropod and not a pulmonate. This hypothesis is based upon its 
apparent genetic relationships as discussed above; its ecology; and the 
palaeontological history of pulmonates. 

Palatoecology of HercyneUa 

The genotype oiHercynella is derived from the Hercynian fauna 
of the Harz, which is partly Rhenish and partly Bohemian in its faciei. 
As far as the author is aware, Hercynella has not been found in beds of 
purely Rhenish fades. The largest Hercynella fauna in both spedea 
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and numbers, comes from Bohemia, from whence also, it is interesting 
to note, come the genotypes of Calloconus and Procrucibulum. The 
facies of these beds is indisputably marine off-shore. The only way 
in which a pulmonate gasteropod could occur in these beds would be 
for it to have been transported there from the shore (if an air- 
breather), or from shallow waters (if a secondary pulmonate), by 
ocean currents. If this were the case, the shell would show signs of 
the wear and tear of transport. Moreover, one would not expect to 
find many individuals present, as it would only be an occasional shell 
which would be so transported. As far as can be discovered from 
the literature, there are no signs of current bedding in these strata, 
the shells do not show the wear and tear of transport, and the indi¬ 
viduals are numerous, there being present fifteen species, some in 
-comparatively large numbers. 

This evidence of the fades of Hercynella is well supported by the 
results of a study of the fades of the Lower Devonian fauna of 
Killara, Victoria, from which the species described in this paper were 
derived. At Killara, three fades can be distinguished: 

(a) A near-shore fades, the rocks consisting of quartzites and 

sandstones. 

(b) An off-shore fades, the rocks consisting of mudstones and 

very fine sandstones (they look like mudstones, but grit 
on the teeth). 

(c) A pelagic fades, the rocks consisting of thinly-bedded mud¬ 

stones (some white), with a pelagic fauna including very 
numerous minute Styliolina fissurella. 

It is in the second, the off-shore fades, that the speries of Hercynella 
described in this paper have been found. The fauna (so far as it 
has been worked out), consists of the following: 

TRILOBITA 

Acanthopygs australis (McCoy) 

Calymsns bowiei Gill 
C. kiUcrrnsu Gill 
Gravicalymenc ip. 

Odoniochile sp. 

Oiontc pleura sp. 

Pkacops aff. ftcundns Bar rode 
Pkacops sp. 

BRACHIOPODA 

Acrosptrifer (?) lilydalensis (Chapman) 

AnopHa australis Gill 
A withersi Gill 
Chonctes bowiear Gill 
C robusta Chapman 
C. psilopHo Gill 
C. killarensis Gill 

DalmenrUo aff. dr fen tula (Dal man) 

PareUosUUa grrvulti Dcfroce 
Hippartonyx minor Clarke 
Leptaena rhomboidolis (Wilckeni) 

Nudeospira australis McCoy 
Plectodonta bipartita (Chapman) 

PELECYPODA 

Conocardium btUuhm (Crcsswell) 

Ctenodonta portlodd Chapman 
Cfpricordinia contsxta Barrande 
MyHhm acutirostris Chapman 
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Nucula lameUata Hall 
NucuHtti maccoytimus Chapman 
Nuculoidsa opima australis (Chapman) 

Tancrsdiopsu raricostat (Chapman) 

GASTEROPODA 

H Bstisropkot t fasciatus Llnditrom" 

Euompkaius centrifugaUs Chapman 
Hercynella kidarensu, ip. nov. 

H. petasoida, 8p. nov. 

H victorias Chapman 
"Plrurotomaria" maccoyi Chapman 
Scolastrockus antiguus (Creuwell) 

OSTRACODA 

Beyrickia cf kloedeni McCoy 
B hgatura Chapman 
B maccoyianus oust ratios Chapman 
B. wo vnyollock etuis Chapman 

ANTHOZOA 

"Lmdstroemia" ampla Chapman 
*L ” ysringar Chapman 
Pleurodictyum megastonmm Dun 
OTHER ANIMALIA 

Conularia ckapmoni Fletcher 
Fenestreltina margaritifera (Chapman) 

Undet orthoceracone» 

PLANTAE 

Htdeia corymbose Cookton 

Of the above list (covering fossil localities 33, 34, and 35—see Gitt„ 
1945, pp. 179, 183-184), the trilobites and brachiopods have been 
critically studied, but not the other groups. However, the names 
given are quite sufficient to indicate the type of fauna. There arc a 
number of stropheodontids and spiri fends (not the heavy, costate, 
near-shore types), yet to be named. The gasteropoda arc not common 
and Hercynella itself is rare. The other groups, as such, are plentiful. 
The plants were probably swept out to sea by some river, as Hedeb 
is definitely a land plant. They occur mostly as broken, unidentifiable 
fragments. In spite of a great deal of collecting, only one determin¬ 
able fragment has been found. Plants have been collected also in the 
Bohemian fauna at Lilydale. 

Chapman (1917, p. 126) claimed that because the Hercynella shells 
are thin, they suffered from calcium starvation brought about probably 
by dilution of the sea water with fresh water, and by the deleterious 
effect of mud from terrigenous sources. Although the Hercynelb 
shells at Killara are thin, those of the brachiopods and pelecypoda 
are not; no difference being noted between those at Killara and those 
elsewhere. Thick-walled Pleurodictyum and Lindstroemb indicate 
that there was no lack of calcium salts in the sea water. Moreover, 
although plants may have drifted out to sea to be associated with the 
fauna, it cannot be regarded as an area in which the currents of a 
river were felt. This is shown by the fineness of the sediments, 
indicating quiet if not deep water; the lack of current bedding, and 
the presence of a normal off-shore type of fauna. The thinness of the 
Hercynelb shells is therefore to be regarded as due to genetic constitu¬ 
tion and not to ecological conditions. 

The fact ttat Killara possesses a Bohemian type of fauna makes 
it very probable that the well-preserved species of Hercynella found 
there are normal marine gasteropoda and not pulmonates. Being so 
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thin-shelled, they could probably not stand up to the conditions of 
the more turbulent near-shore fades affected by tides and currents, 
and they could certainly not stand up to much transport when empty. 

PAUUEONTOLOGIC AI, HISTORY OF PULMONATES 

It would appear that certain Tertiary forms which closely resemble 
•extant pulmonates belong without doubt to that class. Unfortunately, 
zoological definitions cannot be applied to fossil pulmonates, and so 
analogy has to be one’s guide. 

But there is no genus which can be readily referred to the Pulmonata 
earlier than the Mesozoic. Anisomyon (a form which the author has 
nqt been able to study) is classified as a pulmonate, and dates from 
the Jurassic. The indubitable pulmonate shells date from Tertiary 
to Recent. As far as the writer is aware, no gasteropoda have been 
referred to the Pulmonata between Hereynella in the Middle Devonian 
and Anisomyon in the Jurassic. This lacuna calls for explanation; 
the imperfection of the palaeontological record does not appear to be 
a sufficient answer. 

In addition, there is good evidence for believing that aqueous pul- 
monates have secondarily returned to that environment Pulmonates 
in a water habitat have the “lung” filled with water, and apparently 
oxidation is effected through the membrane Tining that organ and 
through the other surfaces in contact with the water. Such pulmonates 
may be termed secondary pulmonates* Most of these are freshwater 
forms, but some are marine, and are founjl in water up to 10 fathoms 
deep. 

Now if Hereynella is a pulmonate, it must be regarded as a secondary 
pulmonate, because it is found in an undoubted marine environment. 
But that the ancestors of Hereynella left the sea, evolved the pulmonate 
structure, then leturned to the sea by the Middle Silurian is altogether 
unlikely. Pulmonates on land would depend on land plants for food. 
No land plants older than Upper Silurian are known, and in most 
areas they have not been discovered earlier than Lower Devonian. 

There is thus strong cumulative evidence from the appaient genetic 
relationships of Hereynella, its palaeoecology, and the general 
palaeontological history of pulmonates, to support the hypothesis that 
Hereynella is a normal marine gasteropod and not a pulmonate. 

Description of Species 

A single species of Hereynella has been described from Victoria by 
Chapman (1916), who also commented on the ecology of the genus 
(1017) Other passing references to the genus have been made (Chap¬ 
man 1906, 1908, Chapman and Thomas, 1935). Further collecting 
has brought to light other specimens of this species, and examples of 
two new species, which are now described. 

Hf-rcynclla victoriae Chapman 
[Plate VII, fig. 4] 

Chapman 1916, pp 99-100, PI. V p figs 47, 4S 

Houvrypr This is the stcinkem of an almost complete shell in grey 
mudstone from Syme’s Tunnel, Killara (loc. 34), and is Reg. No. 
12858 of the National Museum, Melbourne. 
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Stratigraphic Position. Yeringian (Lower Devonian). 

New Description op Houhym. Apex erect. Aperture roujtfMbr 
oval. Longitudinal profile as seen in fig, la. The keel characteristic of 
die genus u on the holotype straight, prominent, and with an inward 
flexure of the shell on each ride. The measurements are: 

Diameter through keel. S.l cms. (incomplete) 

Diameter at right angles to above .. 3.1 cms. (incomplete) 
Height. 1.1 cms. ap pr ox i mately • 

The ornament consists of very fine folds (they must affect the whole 
thickness of the shell because they occur on both the stemkern and 
Ihe external mould), about IS per centimetre. It is faint near the 
apex but becomes well defined at the margin. Somewhat discontinuous' 
concentric growth lines present. 

Comment. As Chapman has mid, this form is moat like H. rodimr 
of the Bohemian Lower Devonian. It is similar in ornament, and 
in being a flat type, but differs in the position and nature of the apex, 
and in the shape of die aperture. 

Chapman's paratype (Reg. No. 12857 in the National Museum, 
Melbourne) is a crashed specimen which shows the nature of the 
ornament more clearly (14 ribs per cm. were counted). 




Figure 1. 


Madiftn longitudinal profile! of spectea of H*rown§U* _ 
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hypotype. 
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fctte r eacie, holotype. 


Hypotype (PI. VII, fig. 4). A well preserved specimen of this 
species has been collected from Syme’s Quarry, Killara (loc. 35)* 
and is now described as a hypotype. It is a steinkern in brown mud- 
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atone, and it Reg. No. 1935 of the collection of the Department of 
Geology, University of Melbourne* The specimen was collected by 
Mrs. £L, Bowie, of Killara. 

Stratigraphical Position. Yeringi&n (Lower Devonian). 
Description of Hypotype. Patelliform exdskeleton, with eccentric 
apex (damaged, but probably erect). Aperture quasi-circular. Keel 
characteristic of the genus formed by fold extending from apex to 
margin, and with broad inward flexure on each side. The perimeter 
of the shell on the fold side is’ incomplete, but the measurements of 


the speci m en as it stands are: 

Diameter through fold. 6.0 cm. 

Diameter at right angles to above. 52 cm. 


Distance of apex from one end of second diameter 

...about 1.0 cm. 

Height of apex above plane of perimeter .... about 1.5 cm. 

The ornament (as seen on the steinkern) consists of fine radial 
folds which are hardly discernible in the region of the apex, and 
which gradually widen towards the perimeter of the shell. Some 
bifurcate towards the margin. There are about nine folds per centi¬ 
metre at the margin on the side opposite the fold or keel. The folds 
are finer where the perimeter comes nearer the apex. The depres¬ 
sions between the folds are about half the width of the latter. There 
are a few incomplete fine concentric ridges which apparently represent 
slight variations in growth rate. The longitudinal profile of the shell 
is shown in fig. lb. The small distance between steinkern and mould 
(seen when clearing the fossil) indicates that the shell was thin, 
nearer the edges at any rate. No muscle scars discernible. 

Comment. This specimen shows the nature of the margin of the 
shell on the side on which it is incomplete in the holotype, viz., it is 
broadly rounded. The ornament consists of folds which affect the 
whole thickness of the shell; this corrugation would give added 
strength to the thin exoskeleton. 

It will be noticed that the hypotype has a larger ornament at the 
margin, and that the apex is in a relatively different position from 
that in the holotype. Both these things are probably mainly due to 
the larger size of the shell. If the ornament on the hypotype is 
measured at the same distance from the apex as is the margin on the 
holotype, it is found to be about the same. Further, as the anterior 
side of the shell is steep and the posterior shelving, it is clear that 
with growth the relative position of the apex will be nearer the 
anterior margin (see p. 81 ) for orientation accepted for these shells). 
This does not explain all the difference, but when a larger series of 
specimens is available, it will be quite easy to settle these points. 

Hercynella petasoida, sp . nov . 

[PL VII. figi 1, 2] 

Type Material. Syntypes consisting of the external mould (Univer¬ 
sity of Melbourne, Dept, of Geology, Reg, No. 1934) and internal cast 
qr steinkern (Reg. No. 1933) of a specimen complete but for part 
of the margin; preserved in bluish grey indurated mudstone from 
Syme's Tunnel, Killara (see Gill, 1945, p. 179, for locality). 

StrAT ifiRAPHi cal Position. Yeringian (Lower Devonian). 
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Description. Depressed conoid; anterior-posterior profile as fig» lc* 
Apex rather accentuated through slight crushing (to be expected 
owing to thinness of shell), erect, nearer one margin than other, Le., 
eccentric. Aperture sub*<>val. Conicoid shape interrupted by both 
a keel (elevated) and a sinus (depressed). The angle between these 
is approximately 70°. Both keel and sinus extend from the apex 
to the perimeter. 

The "ornament" consists of a number of fairly complete concentric 
ridges; these appear to be accentuated growth lines. There are also 
some very faint radial lines, which are very much finer (about 5 per 
mm.) than the prominent radial ornament of H. victorias. 

Measurements. The radius on the side opposite to the keel is 2.5 
cm. The shell is about 1 cm. high. 

Comment. When collecting the fossil, I thought the sinus was an 
artefact due to crushing, but apparently it is a genuine feature. Like 
H. victortae, this form has an erect apex, and in this differs from 
H. killarensis, sp. nov. The trivial name is derived from the Greek 
and Latin word petasus, a broad-brimmed hat. 

Hercynella killarensis, sp. nov. 

[PI. VII, fig. 3] 

Type Material. Holotype, consisting of a steinkem in grey 
indurated mudstone, from Syme's Tunnel, Killara (Gill's loc. 34). 
Specimen complete except for slightly broken margin. Collected by 
Mr. F. Chapman and housed in National Museum, Melbourne (Reg. 
No. 14524). 

Stratigraphicai. Position. Yeringian (Lower Devonian). 

Description. Patelloid; anterior-posterior profile as in fig. Id. 
Aperture sub-oval. Apex eccentric, Hunt, and inclined anteriorly. 
Radial keel or fold extends from the apex to the margin, and is 
straight; it is rounded and there is an inward flexure of the shell 
on each side, that on the anterior side being more pronounced. There 
is a clearly defined but shallow sinus on the anterior side of the keel; 
the angle between the two is about 70°. A conspicuous outward flare 
of the margin where the keel meets it is present as in H. bohemica. 

The ornament consists of a series of concentric undulations. There 
are traces of a very fine radial ornament. 


Measurements. 

Diameter through keel. 5.5 cms. 

Diameter at right angles to this. 4.5 cms. 

Height .. **.about 1.6 cms. 


Comment. Inis species is very interesting in that the apex is sot 
erect, but incipient enrolment is present as in the allied genus CoJ- 
loconus. The occurrence of a sinus as well as a keel, as in H . petasoida, 
sp. nov., indicates a relationship with this species from the same 
locality. H. killarensis differs from H. petasoida chiefly in having a 
non-erect apex and a different type of keel. In shape the new species 
resembles H. nobilis Barrande, which has two keels instead of a keel 
and a sinus as in this species under discussion; there is also a similarity 
of ornament. The apex in H . nobilis is very blunt as in H. killarensis, 
but is apparently erect. 
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Iti the palaeontological collection of the Geology Dept, of the 
University of Melbourne (Reg. No. 755), there is an external mould 
of H . kiOarensis which snows the concentric undulations clearly, and 
superimposed on these there are concentric lirae. There are traces 
of these on the bdotype steinkem, and are probably better developed 
on this specimen because it shows the outside surface of the shell. 

It is to be noted that in H. nobilis there are slight variations in the 
degree of development of concentric undulations and lirae, and of 
radial lirae. 

Hekcynella sp. 

In the National Museum, Melbourne, there is a crushed specimen 
of Hereynella from Ruddock's Quarry, near Lilydale (Gill's loc. 20). 
There is a more or less complete steinkern (Reg. No. 14525) and a 
piece of.the external mould (Reg. No. 14526). It measures about 
cm. through the fold, and about 3.7 cms. along a diameter at right 
angles to that. The fossil has the conspicuous radial ornament of 
H. victoriae , but at the distance from the apex where that species 
has 15 ribs per cm., this specimen has 21. Its chief interest is that 
it occurs in a different district, and constitutes another fades and 
stratigraphical link between the Lilydale synclinorium and the Killara 
synclinorium. 

Stratigraphy 

The species of Hereynella described in this paper have come from 
the two main outcrops of Lower Devonian beds of Bohemian fades 
in Victoria—Lilydale and Killara. None has been found in the areas 
of outcrop of Lower Devonian beds of Rhenish fades, such as at 
Kinglake. Once again, too, the forms most like those from Lilydale 
and Killara are to be found in the Lower Devonian beds of Bohemia. 

References 

Bouaoailk, L. A., Potts, F. A, Eastham, L E. S, and Saunotm, J. T, IMS. 
The Invertebrate. Cambridge. 

Chapman, F., 1906. A New Cephalaspid from the Silurian of Wombat Creek. 

Proc Roy. Soc. Vic., n.s., Vol. 18, pt. 2. pp. 93-100 
-- v 1908 Reports on Fossils. Rrc . Geol. Snrv Vie, Vol. 2, Pt 4, pp. 
207-208. 

-, 1916. New or Little-known Fossils in the National Museum, Pt. 19. 

The Yeringkut Gasteropod Fauna. Proc Roy. Soc Vic., n.s, Vol. 29, 
Pt 1, pp. 75-103. 

1917. On the Probable Environment of the Palaeozoic Genus 
Hereynella In Victoria. Proc Roy. Soc. Vic., n.i., Vol. 29, Pt 2, pp. 
123-126. 

-. and Thomas, D, E., 1935 Outline of the Physiography and Geology 

of Victoria: Silurian. Ansi, and N.Z Assoc Aiv Sc, Handbook . 
CoesMANN, M., 1878. Essais de paltoconchologie comparte, Vol. 1. Paris 
(Not seen). 

Davies, A. M., 1935. Tertiary Faunai, Vol. 1. London. 

Gill, E. D. p 1940. The Silurian Rocks of Melbourne and Lilydale: A Discus- 
tion of the Melboumian-Ycnngian Boundary and Associated Problems. 
Proc Roy . Soc. Vic., ns, Vol 52, pt. 2, pp. 249-261. 

, 1942 The Thickness and A^c of the Type Yciingian Strata, Lily¬ 
dale. Victoria. Proc Roy Soc Vtc. t n i , Vol. 54, pt 1, pp. 21-52 
— — , 1945. Trilobita of the Family Calymenidac from the Palaeozoic Rocks 

of Victoria. Proc Roy *>oc Vii , n.i, Vol 56, pt 2, pp. 171-186 
Kaysek, E.. 1878. Die Fauna dcr Allcsten Devon-Ablagerungen des Harzes. 
Abkond. geol , Specialkarte Prcuss mid Thitr Staatcn, Bd. 2, Heft. 4. 



fit! 5£ a 


92 Edmund D Gdl Pofaidsotc Conus tfirtip&ttm 

Kmiobt ,J B 1941 Palioaoic Gastropod Genotype* Mi $ 9 C Amir, Sp e tfa l 
Papers, No 32 

OCoirmu, Uabjosu 1914 Dcscnpboa of Some New Sifane Gastropods. 

BuU Buff oh Soc Sot Sex. Vol Jl t No* C» 9$-10i 
Panvl T , 1911 Sywfcme Siloften au Centre do to jHbffeet W !« Vol 4, Tone 
3 Prague 

Description of Ptift 

Plat* VII 

All figure* approximately safe* sue 

1—ffi r pyw i ll tiwtnwmto ip nor fottoran) mMid flpntm*. 

gUmC H> POT aUinkOia (Intotfejil tart, fa OM V Kelrtfr 1S4I) 

S ffiSwfa Miwmli ip nor rtotoktm H d n*m 
4 wwqwmBo wofanno Ohpnm aUbiktni HrMorp< 

TW n>ofafa np fa mrt Uknbr Mr U A BaUUt, of IM IMMuw T| ifcwhlil 
rbon tkw nthors Uuwka an m 



flOO &OY Boo VlClOHIA Llk (2) I860 tun Vlt 



8pMi«i of Horoynollft 




v Mil OHffe* TrfnpoAr 

fty K UWHTON KESTCViN, D.Sc., MJ). 

(Kcad 12th Dcothbov 1946] 

Introduction 

In 1915 W K. Gregory expressed the opinion that the Dipnoi end 
Crossopteiygfass were domed from a common ancestor Since then 
ffttante&gists have shown an increasing tendency to regard the latter 
as the direct ancestors of the tetrapods This belief Is given very 
<te$tate d hpiesfk m by Jamk (1942) who derives the Urodeb from 
one ero as opt ei ygiatt group, and the Anuta from another 
In their recent contributions to the problem of the origin of die 
te trap ods pa l i cq tofc ys ts have devoted a great deal of a ttenti on to 
attempts to "restore* the soft anatomy of the fossils In view of the 
feet mat them highly speculative studies are receiving more than a 
pasting recog ni tion, a critical examination of the worn seems to be 
celled for 

The present contribution is divided into three sections The first is 
an attempt to assess the value of the methods of the palaeontologists 
by miying them to recent forma The second section is devoted to 
bnef re v iew of some of the contributions The third presents 
evidence which, it is be li e v ed, indicates that the dawn of die tetrapods 
probably antedated the appearance of the Crosaopterygia. 

Section I 

Tbs Factual Evidence 

This is of course, provided by the fossils themselves The skulls 
provide (1) dermal shield patterns, (2) neurocrania or aeurocranlal 
casta, (3) the bones of the palatoquadrate and (4) branchial skeleton 
In addition, dements of the skeleton other than those of the head may 
be available for study, but these enter so little into p h ylogenetic 
studies that they mar be neg l e ct ed here 

(1) The Dermal Shield when complete, is usually characteristic of 
the class to which the fossil belongs and by comparison with these, 
the less complete specimens can, m the majority of instances, be iden¬ 
tified with a good deal of confidence 
The value of the dermal shield patterns for phylogenetic studies 
may be tested by attempting to determine the natural classification of 
die recent forms on such evidence and such a test throws the gravest 
doubt on their value I have illustrated (Fig 1) the dermal shields of 
several acanthopterygians It is suggested that if these had been 
foenls it would not have been possible to recognise that they were 
closely related forms cm this evidence A very marked illustration of 
this unreliability of the dermal shield patterns is provided try those 
of Accipenser and Polyodon or Psephurus There is no doubt that if 
we were to attempt the natural classification of the lower tetrapods 
and fishes on the evidence of their dermal shields we should fail 
completely There ti no reason for believing that the Dermal Shields 
of the fossils ore any more reliable 
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(2) The Neurocrania and their attached sense capsules, like the 
dermal bones, are characteristic of the class tp which die foisD 
belongs. Especially is this so if the boundaries of die component 
and covering bones can be determined. In the hbsehie ox these 
boundaries, or, in other words, if known from casts showing contours 
only, the specimen may not be readily identifiable. It is difficult to 



Ftff 1 — Tbe Du mol Ikwf- pattern* of wven AeanthopUrrsUn ftab. A Luotoktoa. B. 
Cupwtdcs, C Anabaa, D Irtlophoru*, B Daotyloptarua, P. Thumius, 0. HcUvo- 
braaehoa <All from Gregory, 1P||). 
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n*ke c o m pa ri son between the fossil material and the neent, bec au se 
Whe« fee sfctdl of * repeat form U taken in toad, all the detail* of m 
architecture tray be studied. It ia probable, if the neurocraniuni of 
ouch a fish aa Tcmdmus were found devoid of all suture lines between 
the bones, it would not be Identified as that of the fish. The skull hi 
oncstkm is platybasic, devoid of a piyodome, and it is one of the very 
tew fish in which the outer wall of the trigemino-facialis chamber u 
missing. 

(3) The Bones of the Palato-ouadrate are remarkably constant in 
number throughout the whole of the vertebrata, but they are very 
variable in degree of development and arrangement. Notwithstanding 
this variability, each arrangexnent is, in the majority of instances, 
characteristic of a particular class. In the fossil, as in the recent 
forms, these bones usually permit a ready recognition of the specimen, 
but, as with the dermal shield pattern, it would be quite impossible to 
afrive at a natural classification of the recent tetrapods and/or fishes 
on the evidence of the bones of the maxillo-palate alone. 

When they are present along with the whole of the bones of the 
neurocranium, then, in the fossil specimens as with the recent, they 
may be used for phylogenetic studies, and with the same limitations. 
The limitations in question are those due to a lack of knowledge r 
the soft anatomy and embryology of the specimen These limitations 
have been recognised by the palaeontologists, and they have attempted 
to "restore" or "reconstruct" the soft parts. 

The Restorations 

These have been devoted to attempts to visualise the brain, the 
constitution and distribution of the cranial nerves, the location of 
main blood vessels and the cephalic musculature. 

(1) The Restoration of the Brains of the fossils has been carried 
out under the direction of two factors. The first of these is the 
shape of the cranial cavity, the second is the restorer's own belief 
as to what the brain should be like. The brains have been roughly 
fitted to the cavities, but their contours within the cavities have been 
determined by the affinities which the fossil wa9 believed to exhibit. 
Thus, if the fossil, known to be a fish, was believed to show amphibian 
affinities, the detailed form of the brrin was made to show similar 
affinities The influence of this second factor was quite unavoidable. 
The mould of the cavity itself doe* not give any details of brain 
form, and these must, therefore, be filled in by the restorer Tt is 
obvious that they cannot have been filled in haphazardly, the work 
had to be carried out according to plan, and this will, very certainly, 
have been dictated by the convictions of the restorer In effect, the 
restoration is a pictorial presentation of the fallowing statement-— 
The general form of the fossil indicates that it was probably allied 
to the class M. or N, and, therefore, its brain will have had the 
general form of that of the members of the group All the detailed 
work which has gone into the restoration does not give it any greater 
value than this bald statement would have had. 

Watson (1925, p, 848) wrote "the cerebral hemispheres, if we 
may judge from the character of the chamber in which they lay^ 
were of a certain shape. The value of all these restorations of fossil 
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brains rests upon the c orrec tn e s s or cAberwise of the assumption made 
in this sentence, and this is an assumption Which may be t e sted b)r 
comparing the brains of recent tower tetrapods and fishes with the 
chambers in which they lay. 

The mould of the cavities present in die neurocranium of Pom- 
dicicktkys venenatus, Whiteley, is depicted betow (Fig. ?A). This 



is a typical acanthopterygian, and the brain had the form shown 
(Fig. 2C). The mould recalled so strikingly that of Megdichthys 
that it was deemed worth while "restoring" a Drain to fit it (Fig. 2B). 

The next drawings present two views of the cast of the cavities 
in the neurocranium of Amio, and a "restoration 1 ' of the brain (Fig. 
3). 

In this case, as m that of Paradiachthys, all cartilage and connective 
tissue was removed before the mould was made, in order to reproduce 
conditions as they would be in a fossil. 

The making of these moulds and their illustration may appear to 
some as a work of supererogation, because they illustrate a fact 
already well known to practical comparative anatomists, via, that 
the cranial cavity does not reflect the shape of the contained brain 
except in the theria. Not only is Ihe mould of the cavities not like 
the contained brain, but it is very commonly very unlike it This is 
due, of course, to the fact that the brains of the lower tetrapods do 
not nearly fill the cranial cavity, but are suspended, commonly well 
away from the walls, by loose, open-spongy connective tissue. In the 
case of the fossils, the moulds of the cranial cavities are likely to be 
even more misleading, because the cavity in many forms is limited 
by cartilage and/or connective tissue. If this had been so in the fossil, 
the cavity as found would be quite unlike that in which the brain was 
housed. 
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It is to be concluded that these restorations of the fossil brains 
may bd quite unlike the original bran and should not be regarded as 
other than pictorial expressions of opinion 

(2) The value of the restoration of the Constitution and Distribu¬ 
tion of the Cranial Nerves and of the blood vessels of the fossils 
cannot be tested by attempting similar exercises with recent forms as 
the subject The reason for this is that there could be no doubt about 
the identity of the specimen upon which the test is to be made Pro 
vided the work was undertaken by a competent anatomist it would 





Fig fl A Ittrnl wd D wntral views of a oast of the craoUl our tj of Ami*. G. 

I «U il view of the b an u vto ed o lit he ear tj 

be approximately c rrect in tvery instance This very fict however 
throws grave doubts uj n the vnlue of uth leslontions in the case 
of the fossils The work on the recent forms would be correct because 
the restoration woul i follow the well known arrangement of the 
nerves and blood \es<>els in related forms In f-ict it would be 
dictated entirely by a knowledge of the anatomy of the other forms 
In precisel) the s me way the restoration of these things in the 
fossils has always been dictated by a knowledge of the anatomy in 
forms to which it is beloved they were related It would be quite 
impossible to attempt the restoration of the anatomy of a fossil except 
under such direction 
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It follows that they are nothing more Hunt dttdhd p rtoe ntst i o as 
of convictions as to the relation of the fossils to MMt fottas-r 
"Since this fossil appears to be related to M. or N., t» dlitrMlia 
of its nerves and blood vessels was probably similar to that Of those 
forms.” 

(3) The Restoration of the Cephalic Musculature may be under¬ 
taken with a good deal of confidence if the attempt is confined to 
the muscles of mastication. The skeleton will present the mechanical 
factors in the problem, and over and above this the actual points of 
origin and/or insertion are at times impressed upon the bones. Here 
again, however, one must be guided in the work by the number and 
general disposition of the muscles in related forms. If, for instance, 
die attempt were made to restore the muscles of a crocodile, under the 
impression that the specimen was an amphibian, the result would be 
quite astray from reality. On the other hand, assuming that it was a 
reptile, the result would, in the hands of a competent anatomist, 
approximate closely to actual conditions. 

Once more the work must be directed by a knowledge or assump¬ 
tion of the class to which the fossil belongs. "Because tins is a member 
of the group M. or N. the arrangement of its musculature was 
probably similar to that of the members of the group ” 

It is quite clear that these restorations are all very largely dictated 
by beliefs or convictions already held before they were undertaken. 
They are the result of convictions, and, therefore, should not be 

a uoted as evidence in support thereof; they are not evidence at all, 
iey are opinions. Too often in our endeavours to understand the 
way of evolution we are compelled, for want of definite evidence, to 
say, m effect or actually, "if this be true we may further assume." 
Although regrettable, this procedure is permissible so long to the 
“if” is properly recognised. When the argument continues •—in fact 
this cannot have been otherwise — it is neither permissible nor 
excusable. The second statement cannot be accepted as fact if based 
upon an assumption, and it should not be presented as such. I quote 
three examples of this reprehensible practice. 

WatBon (1925, p. 848): "the cerebral hemispheres, if we may 
judge from the character of the chamber in which they lay, were 
long and of considerable size. In fact, the brain as a whole cannot 
have differed greatly from that of Ceratodus or an amphibian.” 

Romer (1937, p. 34): "It is obvious that the brain as restored is 
essentially similar to that seen in dipnoans on the one hand and 
amphibians on the other; thus, the neurological evidence, as far as it 
goes, agrees with all other lines of work tending to indicate the 
close relationship of crossopteiygians with the two groups. Of par¬ 
ticular interest is the fact that the forebrain is here highly invaginated 
as in the amphibians- 

Jarvik (1942, p, 489) states that there are very considerable dif¬ 
ferences between the snouts of the Osteolepiformes and the Porolepi- 
formes, and then proceeds to detail these in twenty-six numbered 
paragraphs. All are given as statements of fact Of the twenty-six 
features, seventeen are based upon an assumption, they are restora¬ 
tions. 


1 
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Sweftoft H 

’ My criticism of tome of die Palaeontological contributions b 
couched in emphatic language; to some It may appear unduly blunt 
Ho apology is Offered lor the language used, but some explanation 
of it m certainly celled for. 

In effect, it has been stated again and again that our palaeontological 
coff ea g u e a have deliberately distorted facts to make them fit their 
theories on the origin of the Tetnpods. "Deliberate distortion" is 
usually a dishonest procedure; in this case it is most emphatically 
not so regarded, and it is sincerely hoped that such an implication 
will not be read into the arguments presented. 

The convictions of our palaeontological colleagues are very real to 
them, and under the drive of these convictions they have quite honestly 
contended fdr their theories. The colour-blind man sees the scarlet 
robe and the green lawn the same colour, to him they are the same 
colour, but he is wrong. The Physicists have proven him so Just so, 
it is argued in these pages, the palaeontologists, blinded by the 
early workers, are wrong. 

Before proceeding to discussion of some of the individual contri¬ 
butions, some further general criticism of the whole of them may be 
offered. 

Palaeontologists have, each of them, a faith in the correctness and 
reliability of their restorations and interpretations of the fossils which 
is not justified by experience. In support of this it may be pointed 
out that specimens have been studied by thoroughly competent 
palaeontologists, and later the same specimens have been studied by 
other, equally well-qualified, palaeontologists and each later student 
has decided that his predecessor was at fault in his interpretation 
and/or reconstruction. Perhaps one of the most striking examples 
of this sort of thing is provided by the following extract from 

D. M. S. Watson's Croonian Lecture (p. 234). “The neutral cranium 
of the osteolepids was first, though quite inadequately described by 
Rohon, later, and again misleadingly, by myself and H. Day and by 

E. A. Anderson, ana finally and more successfully by W. L. Bryant 
Dr. Bryant’s description is, as Dr. Stensio informs me, and as I 
have been able to confirm, from an examination of the original 
material, inaccurate in certain respects." That was in 1926, anti 
Watson used the then accepted interpretation in his work on the 
evolution of the Amphibia. On top of all this examination and 
re-examination, in 1936, one of the specimens studied by Watson and 
Day was examined by Save-Soderbergh and he writes (1936, p. 137), 
"By means of our modem technical outfit I was able to clean out 
perfectly the dorsal and lateral, and part of the ventral, surfaces of 
the neutral endocranium of this specimen, and to demonstrate a 
number of interesting points, which partly also change the interpreta¬ 
tion of Osteolepis and Eusthenopteron," 

The next general criticism which one feels impelled to make is to the 
effect that their work at times exhibits an unjustifiable degree of 
originality. The reference here is to the interpretation of foramina 
ana grooves which they find on the fossils. Those who have had 
experience in actual dissection know that the Identification of any but 
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the main nerve and vascular foramina,cannot be at t emp t ed, and thatr 
except at and dose to t^e points of egress from the pranlum, these 
structures are only exceptionally in contact with bone, at all Whilst 
sorry to speak so strongly as to offend or to rUk giving offence, one 
cannot refrain from stating that these claims—to be, able tq deter¬ 
mine the course and even tJ^e constitution of nerves and the number 
of cranial roots they had — must appear to be little short of ridiculous 
to all who have spent years in the laborious study of those things 
with scalpel and microtome. 

As a matter of sober fact, the most that could be said on bring 
presented with a skull, recent or fossil complete or fragmentary, not 
being one which had been studied in the flesh, or which has been 
worked out by another investigator, is that — this is a fish, or perhaps 
an amphibian skull and therefore its nerve distribution and vascular 
arrangement were probably similar to the condition found in some 
related form. Although this 19 so, statements like the following are 
not uncommon. "The seventh nerve arises by a single root, so far 
as can be seen from the skull" (Watson, 1925, p. 845). To the 
student of the anatomy of living animals, statements like this are 
just fatuous. It is well known that the number of roots a nerve may 
have is never indicated on the skull nor could it be. 

Most palaeontologists, in their evolutionary equations, give too high 
a value to the factor provided by the arrangement of the dermal 
roof bones. It is fully realised that this criticism is founded to a 
large extent on the personal attitude; in other words, this is a matter 
of opinion and not, like the last, a statement founded on facts. One 
of the most outstanding of the latest contributions which base a 
classification of the vertebrata largely upon a possible chain of 
changes in the dermal roof l>ones is that of Save-Soderbergh fl934- 
1936). Doubt as to the value of his evidence is centred in the fact 
that so many different roof patterns are presented by closely-related 
animals. 

The Dipnoi alone present a whole series of such patterns. In 
order to base any scheme of evolution on the roof patterns, one has 
to select the examples of fishes and tetrapods. and to neglect the patterns 
of a number greater than that used in the comparisons. The marked 
variability in the dermal roof pattern has always appeared a9 evidence 
that those bones were, and in the living Teleostei still are, unstable 
and subject to non-significant variation. Tn short, it appears true to 
sav that, amongst the fishes, there is no uniform plan of dermal roof 
pattern. Tt is as easv to select examples which would provide a 
chain of changes leading to the tetrapod pattern from the living 
leleosts as from the Crossopteryerians. A selection of patterns drawn 
from modem fishes has been illustrated (fig. 1), and it was sug¬ 
gested that if these had been fossils, it would not have been possible 
to decide that they were really closely related forms, on this evidence. 

It is submitted that the evidence points to the conclusion that the 
dermal roofifyg bdnes of the fishes are still in a condition of flux. If 
that be so, men it is further submitted that this is evidence which 
should lead us to expect that the roofing pattern was in at least as 
unstable a stage of evolution in devonian times as it is to-day. 
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It till probably have been noted diet Sftve-Soderbergh was unable 
ID make tost of Goodrich’s careful analysis (1930) of the evidence 
and determination of a fundamental pattern in his last essay. 

S&ve-Soderbei*gh’s concept of the composition of die dermal roof 
Of the common ancestor of the Croasopterygians and Stegocephalians 
is apparently in the nature of an addition sura. It appears that ho 
has listed all the bones found in the many fossils and endowed the 
hypothetical ancestor with die lot. He then proceeds to argue from 
tibia hypothesis as though it were a statement of fact Unfortunately, 
no fossil is known which possessed the full list. 

Far from his hypothesis being a statement of fact, it is arguable, 
on the evidence of the paucity of the number of bones in the most 
primitive fish forms known (the Arthrodira and the Antiarchi) and 
the wide diversity of the patterns in the less primitive, that these 
latter patterns have risen independently, and that there was no general 
plan from which they were evolved. If, however, we grant that Sfivc- 
pdderbergh's hypothesis is sound, we may also accept his following 
statement, which was that each of the many elements may alterna¬ 
tively have— (1) remained unchanged, (2) become fused with other 
elements, (3) become secondarily subdivided, or (4) reduced even to- 
extinction. It is just the possibility of all these alternatives which 
detracts from die value of speculation on the assumption that any 
one or more of them has brought about the particular pattern derived. 
That there have been instances of persistence and of all three modes 
of change there is little reason to doubt, but there is nothing to guide 
us in determining whether reduction in number was due to deletion 
or fusion. True, when we find reduction in the number of a trans¬ 
verse row, we are justified, on the parallel of embryological evidence, 
in concluding that the bone which, in the more numerous row lodged 
the lateral line organ, has persisted. Whether the other has been lost 
by deletion or fusion will still remain for choice.by the personal belief 
alone. It is the constant and unavoidable intrusion of this personal 
factor which makes all these theories unconvincing. 

Save-Soderbergh and Stensio are agreed that reductions in number 
have, in the great majority of the instances, been due to fusions. . In 
support of tms belief, the former asserts that modern embryological 
investigations (''Pehrson, 1922, and others”) have confirmed the 
views of Stensio “in this respect.” Watson, on the other hand (1921), 
states his belief that the reductions were due to deletions. 

Pehrson demonstrated that the dermal roofing bones of Amia were 
developed by the fusion of more than one centre. This is probably 
the evidence referred to by Save-Soderbergh. An analysis of 
Pehrson’s work reveals the fact that the roofing bones of Amia an 
developed by the fusion of at least forty-two centres. Now, if these 
are of phylogenetic significance, in the way suggested by the reference, 
the forty-two centres should represent separatebones in some ancestor. 
By this interpretation the rostral represents four bones, the nasals 
each three, tne frontals each four, whilst the circumorbital bones 
represent an indeterminate number. It is exceedingly doubtful whether 
anyone will accept such an interpretation, yet it is the only logical 
inference from such a reference. 
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Now turning to Wataon’s attitude, The nd mkft fr ii y of a uibfr o- 
logical investigations bearing on die subject at tit reveal that it 
vertebrates, membrane bones are, in all but meptional i nst in ct*, 
developed from one continuous aggregation of orteogtnetjo tissues, 
and further than this, that in a great number of instances where 
the future bones are to make sutural contact their stromata art 
originally continuous (Vide Kesteven, 1942, p* 224), 

Although the great weight of embryologies! evidence lies ip favour 
of the attitude of Watson, it does not dispose of the possibility that 
fusions have taken place. The exceptional instances of fasiotis ate 
probably definite evidence that they have, but there is another inter¬ 
pretation. It iB as follows: A priori all will agree it is probable that 
dermal covering bones have been evolved by the coalescence of dermal 
ossicles and the submergence of their fused bony bases; in which 
case, it must be agreed that all these bones have resulted from the 
fusion of very many small centres of ossification, and it may be that 
the sutures between the individual bones indicate original fracture 
lines imposed by mechanical strains and stresses, as suggested by 
Gregory (1915) If this be so, then the number of centres of ossifica¬ 
tion of lateral-line organ bearing bones in the fishes is without any 
significance relative to the number of bones incorporated into each 
of them. 

Shve-Soderbergh concludes his polemics (1935, p. 202): “Thus, 
the study of the Stegocephalians from Greenland has caused not 
onty a thorough revision of the morphology and classification of the 
Labyrinthodonts, but also a revision of larger groups, resulting in a 
totally changed classification of the Gnathostome Vertebrates." 

Unfortunately, all our attempts at unravelling the tangled problem 
of the evolution Of the Vertebrata are unavoidably compounded from 
facts and our personal interpretation of them. The personal factor 
cannot be excluded, the evidence is incomplete, and the problem may 
not be stated as a mathematical formula. None of us, therefore, is 
entitled to use expressions which convey the impression that the theoty 
advanced is a proven one 

The Interpretation of thf Crossopterygian Neurocranium 

Save-Soderhergh (1936) and Romer (1937) have both attempted 
to interpret the neurocramum in detail Exception must be taken to 
both these efforts because neither writer compared his fossil with 
the fishes Without any doubt whatever, both these neurocrania were 
those of fish, nor do they depart from the general shape and pro¬ 
pot tions of those of lecent fishes. The only marked difference is the 
break between the anterior and posterior parts The truth of this 
statement is brought out by the comparison of the four neurocrania 
illustrated (Fig 4) The most striking features on the side wall of 
the occipito-otic mass in all four are the outer wall of the trigemino- 
fac ahs chamber, and the two foramina related to it. These are the 
most constant and characteristic features m the fish cranium, and the 
association of the hyomandibular branch of the facial nerve with the 
hinder of the two foramina and the maxillary and mandibular branches 
of the fifth nerve with the anterior are just as constant as the bony 
features. If these features and this constancy of nerve relation are 
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not ft* revolt of direct inheritance from the common ancestral group 
of how comes it that not only all the modem fishes but oil 
the surviving ganoids exhibit them? If it is an inherited feature 
then surely it is present in both Rhitodofsis and ftfegalichtkys It is 
submitted that the features are present in both these neurocrania and 
that they should have been recognised. 

In all the recent fishes the basi&phenoidal region of the skull 
terminates just in front of the trigenino-facialis chamber, and the 
pituitary body lies at, or very close to, the anterior boundary of the 
chamber. 

Both Save-Soderbergh and Romer identify an outstanding process 
of the ethmo^phenoidal mass as a basipterygoidjproccss. The basi- 
pterygoid is a process of the basisphenoid bone. This is a basicranial 
dement which, throughout the whole of the vertebrates sutures with 
the basioccipital bone. These writers follow Watson (1925) in their 
identification of the basiptciygoid process, but, even so, it is doubtful 
whether the consequential interpretations were recognised by them. 
If the basipterygoia process was located on the ethmosphenoidal mass 
then the basioccipital was hinged, not sutured, to the posterior edge 
of the basisphenoid, and it extended as far in front of the trigemino- 
facialis chamber as it did behind it. This is a condition which is 
absolutely without parallel anywhere else in the vertebrate series. 
There is ndther animal nor fish known, in which the basioccipitat 
extends forward beyond the foramina of exit of all the brandies of 
die fifth and seventh nerves. 

As a matter of fact, the ethmosphenoidal masses of these two 
neurocrania are capable of interpretation as perfectly normal fish 
specimens, absolutely comparable with those of recent forms The 
"oasipterygoid process” compares very closely with the posttro-lateral 
comer of the ethmoid in recent fishes, and the cavitation in that of 
Mtgalichthys is very similar to that in the neurocranium of Para - 
dieichthys (vide Fig. 2), 

The attempt will not be made here, but it is believed that if these 
two neurocrania were carefully compared with those of the surviving 
ganoids and modem fishes it would be found possible to interpret all 
their main features in harmony with those of fishes generally 

Romer, at least, was aware of some of the implications of his inter¬ 
pretation. At the bottom of page 46 and top of page 4 7 he details, the 
changed proportions in antero-postenor distribution of the various 
regions and foramina in his specimen. 

Romer says of Megalichthys that it "may be taken as typical 
member” of the rhipidistian crossopterygians (p. 44), and there is 
no reason to doubt the correctness of this statement. 

It now becomes necessary again to stress the essential and funda¬ 
mental similarity of the fossil crossopterygian neurocrania to those 
of the recent crossopterygians, Latimeria and Polypterus, and also to 
those of Amia and the modern fishes generally. 

It follows that if we accept the interpretation given by the palaeon¬ 
tologists of the crossopterygian neurocrania as correct, then we must 
try to visualise a re-arrangement of the brain and nerves in all these 
o&erB to bring ibaiit that disposition of these structures which we 
know to be common to every one of them; crossopterygian and 
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modems alike, and alt this without any change hi the general phtpe 
and/or proportions of thfc neurocrania. We have further to suppose 
that the basisphenoid bone has migrated back along the base of thlk 
skull till it reached the position it occupies id all these others, and 
without any change in other bones or cranial proportion*. 

For the writer, at least, this is too difficult an exercise in 
imagination. 

There is another possible explanation, vu, 9 that the whole of the 
recent fishes were derived from the Actinistia, which would be deemed 
to have differed fundamentally from the Rhipidistia. There is no 
evidence in support of such an explanation; it would be merely an 
assumption, necessitated by acceptance of the interpretation of the 
rhipidistian neurocrania. 

“On the Coelaeanth Fish ” D. Jlf. S. Watson 

Doubtless Watson's descriptions and illustrations of the fossils 
present the characters and contours of their component parts cor¬ 
rectly. This being granted, his identifications of some of the bones, 
and the interpretations he gives to their features, are incomprehen¬ 
sible to the student of the crania of modem fishes. 

That which he identifies as the basisphenoid is a bone which satisfies 
all the criteria of a presphenoid ossification; such, for instance, as 
that of Amia (Fig. 4c), 

The bone which it has been agreed upon to designate basisphenoid 
throughout the fishes, other than in this coelaeanth Macropoma, is 
placed entirely in the floor of the neurocranium in front of the 
pituitary fossa. If in an attempt to identify this “basisphenoid” bone 
in Macropoma , one disregards the fishes and turns to the lower tetra- 
pods, one would still be at a loss to find a basisphenoid bone which, 
like this, belied its name as a basal bone and extended to the roof of 
the cranium. 

The absence of ossification in the 'lower part of the basisphenoid” 
(p 322) increases the similarity of this bone to the sphenoid ossifica¬ 
tion of Polypterus 

A comparison of Watson's figures 1 and 2 leads to the belief that 
he has failed to recognise a fracture of the base of the cranium 
immediately behind this sphenoid ossification. Behind the fracture, 
it is now suggested, the posterior portion of the parasphenoid until a 
normal ascending flange has been displaced upwards, and this bone, 
which Watson identifies as the prootic, is really the posterior moiety 
of an expanded parasphenoid, which, as in Polyptems, covered an 
entirely cartilaginous portion of the otocrane. 

That the inner surface of an extensive “prootic 11 should be a 
plane surface devoid of otic recesses is hard to believe. The prootic 
is a bon&gdgveloped endochondrally in the anterior portion of the 
capsule. flwthe other hand a plane internal surface would be natural 
to, and quite m conformity with, the mode of devdomnent of an 
ascending expanded posterior portion of the parasphenoid bone. 

Stensio was perhaps correct in his belief that this “prootic” included 
an opisthotic element. It is probable that better material will disdose 
a suture interrupting the continuity with the posterior of the two 
superior wings of the bone. 
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Hie skull of Uacropomo is interpreted by Watson is completely 
anomalous but if we visualise the so called prootic moved down and 
just a little backward leaving a gap filled by cartilage in the fresh 
skull between it and the sphenoid ossification and then fill m a 
suture across the lower end of the posterior superior wing die skull 
becomes essentially similar to that of Polyptenu 
Watson s identifications of the components of the palate are subject 
to the grave suspicion that he has been unduly biassed by a desire 
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to find resemblance rather to die lower tetrepods than to the fishes. 
No attempt was made to interpret die observed features bjr eftftr 
paristm with known fish crania. 

He tells us that the bone which has been previously identified as a 
"hyomandibular" by most authors “has been' 5 correctly determined by 
Stensio as a “metapterygoid." In the explanation of his figure $ 
he introduces confusion by equating the metapterygoid with ■the 
epipterygoid. It is hardly necessary to point out dial the metaptery¬ 
goid bone of the fishes is not part of the quadrate and, therefore* 
cannot, by any stretch of the imagination, be regarded as homologous 
with the epipterygoid bone of the reptiles. 

If Watson's description of the codacanth palate and palato- 
quadrate be correct, it follows that the whole structure was attached 
to the skull only by >f tough membrane” between the mesial margin 
of the pterygoid and the parasphenoid. This is hard to believe. 

When it is remembered that hyoid suspension of the quadrate 
characterises every known fish, it is exceedingly difficult to accept 
the interpretation offered. The assumption that the hyomandibular 
is absent presents itself as entirely gratuitous, and depends on nothing 
but a failure to find. A much more reasonable explanation of its 
absence would have been to assume that so much of it was cartila¬ 
ginous that any bony portions which may have been present had been 
displaced by the rotting of the cartilaginous portion. Since the work 
was written (in 1921) Smith's description of the living Coelacanth 
Lotimeria has appeared. The hyomandibular of this fish is largely 
cartilaginous. 

The following passage calls for criticism:—“The metapterygoid, 
certainly an ossification on the palato-quadrate cartilage . . . agrees 
closely with one of the continuous series of ossifications which occurs 
in cartilage in Osteolepids and rather strikingly with the epipterygoid 
(l) of an Embolomerous Labyrinthodont which I am describing 
shortly. There can be no doubt that the bay in its upper edge trans¬ 
mitted the maxillary and mandibular divisions of the fifth nerve, and 
that the ophthalmicus profundus passed out in front of it” (p. 333). 

Tf this passage had been worked as below, it would not have been 
open to the objection that expressions of opinion are given as state¬ 
ments of fact — “The metapterygoid, probably an ossification on the 
palato-quadrate cartilage . . . agrees, etc., ... It is believed that the 
bay on its upper edge transmitted the maxillary and mandibular 
divisions of the fifth nerve and that the ophthalmicus profundus passed 
out in front of it " 

In its original form the whole passage is unacceptable. If Watson 
had stated that he was certain and that there was no doubt in his 
mind, thaiL^would have been all his material justified him saying. 
Even as abatement of opinion the passage would be open to criticism. 

iSrview of the fact that these branches of the fifth nerve very 
rarely impress their course on bones of the suspensorium or palate 
in living fishes, either teleost or ganoid, and that they all issue well 
in front of the articulation of the suspensorium with the Skull* the 
course postulated by Watson is absolutely without foundation on fact 
or analogy. One is forced to the conclusion that the only reason for 
giving such an interpretation to the “bay on its upper edge" was the 
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atffhor’a desire to increase a fancied resemblance pf this fish "meta- 
pteryjoid" tp the ^epipterygoid" o! the embolomerou* amphibians*. 

Watspo returns to the presumed absence of the hyorftandibular on 
page 336, where we find the following:—"As Stensid has pointed out, 
we have in codacanths a complete Toss of the hyomandibular as a 
supporting element of die jaw. This loss is an exact parallel to that 
which has occurred in Tetrapods and Dipnoi/' (The italics are mine). 

This tart statement is very far from true. Edgeworth demonstrated 
quite definitely that the hytnmndibula is developed in Ceratodus. 
Even if we regard the vestigeal hyomandibula of Ceratodus as being 
without significance in the present connection, there is still no parallel 
at alt between the conditions found in the Coelacanths and die Tetra¬ 
pods and Dipnoi. 

"In the former the quadrate is separated from the skull by a hyoman¬ 
dibula bone and a metapterygoid, which latter is so like the metaptery¬ 
goid of Amia and Pdypterus that there is little doubt that it is the 
same bone. This cannot, by any stretch of the imagination, be 
hovnologised with the epipterygoid. The epipterygoid of tetrapods 
is undoubtedly the homologue of the processus ascendens quadrati, 
and is developed end och end rally, that is to say, it is a true cartilage 
replacement bone, the metapterygoid of the fish is developed ecto- 
chondrally and extended beyond the cartilage as a membrane bone 
and is not a part or process of the quadrate The long gap between 
the quadrate and the skull was in all probability filled, in the living 
coolacanth fish, by a cartilaginous or largely cartilaginous 
hjoniandibula (page 106). 

In the tetrapods the hyomandibula has been reduced to the stapes 
and the quadrate is attached to, or articulates with, the skull. Its 
final evanescence has been demonstrated by Edgeworth in Ceratodus . 
Clearly there is no parallel here 

A "The Structure of Certain Palaeoniscids and the relationships of 

that Group with other Bony Ftsh” D. M S\ Watson (1925) 

B l, On Some Points in the Structure of Palaeonisctd and Allied 
Fishr D M S Watson (1928). 

The critical reading of these two communications gives rise to 
two general impressions, firstly, that the writer has brought to the 
work a familiarity with the cranial osteology of the mesozoic fossil 
amphibians; and that, in the absence of counterbalancing knowledge 
-of the cranial structure of the Teleostei and Ganoids, the whole of 
the work has been unduly influenced by the knowledge he had 
Secondly, one feels that the writer has served but a short apprentice¬ 
ship with the scalpel and the dissecting tweezers, for he displays a 
peculiar courage in his identification of the various foramina and 
grooves which he finds in his fragmentary fossils. Such courage 
could hardly be possessed by one familiar with the difficulties of 
dissection and the unreliability of features in the modern forms of the 
same character as those he relies upon. 

+ lt Ckmm totter kai almdy owl tto ■—on Sing pnci loom to mmIIWi mo JbSopob- 
dmt oplptemw. It to hot* to odmtosdvW no moot h*bMUoh exhibit uck m 
footnio 
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In the result, his reconstructions of the coelacantb* tie Intel pr e te d 
to harmonise, not with fishes generally, but with the embokxmrous. 
amphibians, and with other poorly-known fossil fish. 

In the following brief review it is assumed that his statements of 
fact are truly recorded, and depicted with approximate correctness in 
the illustrations. On these assumptions an attempt will be made to 
compare the structures with completely known fish. This attempt la 
made because it appears desirable to demonstrate teat, when viewed 
in the light of complete familiarity with forms whose osteology ia 
perfectly understood, all the features hitherto recorded of the known 
fossil fish are capable of being more or less p e rf ec tl y harmonised 
with those of the modem forms. 


Experience teaches that when, having dissected and determined 
the soft structures related to the foramina and grooves which a par¬ 
ticular skull betrays, one takes in hand another with similar osteo- 
logical features (be it noted not with approximately or nearly similar), 
one feds entitled to interpret all its features in terms of the dissection 
already carried out. Experience also teaches that even with this 
conservative procedure, we are liable to make mistakes. When, on 
the other hand, the disposition of the bones and the foramina are 
different from those of our dissected example, we do not fed entitled 
to guess at the interpretation of the foramina. Only after careful 
dissection, usually of more than a single specimen, does the careful 
anatomist feel confident in discussing the relation of soft structures 
to the bones. Thus, the most careful dissection of the Percoid skull 
and the most perfect familiarity with its features and the relation of 
the bones to die soft structures would not enable one to describe the 
relation of the nerves and blood vessels to the skulls of Pohpterus, 
Amia, Acciferuer, any Selachian, an Ed (Anguilla), or a Cat Fish 
(Gntdoqlams), nor would the dissection of all but (me of these enable 
one to interpret the foramina in the last with confidence. Again, the 
dissection of one Plagiostome, or, indeed, of many, would not enable 
one to state definitely the relationship of nerves and blood vessels 
to the cartilaginous cranium of a type not previously dissected. 

It is, therefore, clearly a dangerous proceeding, and one likely to 
lead to very erroneous condusions, for any palaeontologist, except in 
very exceptional instances, to write of any foramen that it "dearly 
transmitted" this or that nerve or vessd, or that "it could have trans¬ 
mitted none other” than this or that. 

At the moment I can recall no instance among living fishes in which 
the emergent branches of the fifth and seventh nerves are not closely 
associated both cm the inner and on the external surfaces of the 
skull, nor can I recall an instance where these nerve trunks do not, 
except the ophthalmicus superficialis and hyomandibular branches of 
the facial, emerge close to the cranial floor in the anterior part of the 
prootic region. 

Almost invariably they leave the cranium either through the prootic 
bone or through a notch in its anterior margin; at timet, all together 
through one single large common foramen, at others, through several 
small foramina closely gathered together. When more than one fora- 
mm is present, one can tell only by dissection which trank or ramus 
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occupied which foramen, for there is no constancy in their relation 
one to another. 

There are several instances of the dangerous practice referred to 
throughout the two works under review; one instance only need be 
quoted, namely, the description of the "facialis chamber" in "Palaeo- 
niscid 8” which is epitomised, as it were, in Figure 19 on page 843 
of the earlier paper. I have to confess that after years of study of 
the fish’s skull, and after dissecting a reasonably representative series 
of the heads, I should be absolutely at a loss, on being presented with 
one so strange as this palaconiscid, to interpret all the foramina. Dr. 
Watson does this with confidence, and even goes so far as to imply 
that the hyomandibular trunk of the fadalis divides into two before 
emerging from the skull; or are we to understand that he finds in 
these foramina evidence that this fish had an extra mandibular branch 
of Jhe facialis? The identification of the foramen for the patheticus 
in the bones of a fossil excites one*9 admiration, and at the same 
time it awakens one’s suspicion. I have in very rare instances been 
able to find this foramen after carefully dissecting out the nerve. Its 
position is far from constant in the living fishes. 

It is noticeable throughout Dr. Watson’s work that he constantly 
identifies facialis and trigeminal foramina separated from one another. 
Having in mind the fundamental teleostoman characters of the fossils 
he is dealing with, one cannot but wonder whence comes the evidence 
on which this identification is based, and one feels that the practice 
results from the "tetrapod” frame of mind. 

Turning now to the covering bones of the skull and dealing first of 
all with the dorsal aspect of Chirolepis tratili. As restored by Watson, 
there is nothing in this skull to separate it from die modem teleostean 
type. True, one cannot point to any one skull amongst the modems 
which exactly resembles it; on the other hand, a similar remark 
would apply to any one of die modem generic types; there are, out- 
aide the genus, no skulls whose dorsal pattern is precisely the same. 

The dorsal pattern of Chirolepis is essentially similar to that of 
Doctylopterus (E, Fig. 1), but the latter has developed a supra- 
occipital between the panetals which ib not present in the former. 
However, this feature cannot be regarded as of phylogenetic impor¬ 
tance, for the allied scorpenid Pemtedion has the supra-occipital 
covered by the panetals just as the fossil has. The presence of the 
-occipital transverse limb of the lateral line canal system enables one 
to identify the pK»t-occipital scutes in the two forms, whilst the post¬ 
temporal is similarly identified by the presence of the homologous 
canal in both 

In thus identifying the bones by their contained lateral line canals, 
I follow a well-established practice. To quote Watson himself (1925, 
p. 820), "the passage of the main canal through the supraoccipital 
and intertemporal shows that these bones are homologous with the 
corresponding elements in the Osteolepids, or, at any rate, belong to 
die same row ...” This quotation is particularly apt because it 
applies to the same bones in the scorpenid. In front of the post- 
occipital the canal passes across two bones before reaching the frontal, 
just as in the palaeonisdd These, by Watson's own criteria, will be 
homologous elements in the two forms. 
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The moulds of the neural crania of two Palaeooiacid* iiti&h. tyataoft 
depicts on page 834 and which he describes, pr ese nt no feature* 
wherein they differ fundamentally from those of modem bony fishes* 
The outer wall of the so-called spiracular canal is in afi probability 
really only the outer wall of the trigemino-facialis chamber. This to 
a very constant structure in the prootic region of the modem fish 
skulls, and, as in die palaeonisdd skulls, lies just below and in front 
of the hyomandibular articular facet. Its upper aperture ptobably 
transmitted the same nerves and vessels as in the modem forms, 
that is to say, the vena capitis lateralis, and the orbital artery passed 
to and fro through it whilst the hyomandibular branch of the facialis, 
issued from its postero-superior opening, and the remainder of die 
trigemino-facialis trunks, except the palatine branch of the facial, 
issued antero-inferioriy. 

It is unfortunate that Watson should have used such definite 
language in his description, for the whole of his interpretations and 
statements relative to the soft structures are entirely conjectural. On 
page 842 he declares quite confidently, and without any reservation, 
absolutely as though they were statements of fact, that various fora* 
raina transmitted various nerves and vessels. It is here that occurs- 
the confusion relative to the branches of the facialis. He describes the 
hyomandibular branch as issuing through one foramen, and a man¬ 
dibular as issuing with the palatine through another. 

A more astonishing example of this independent uncontrolled identi¬ 
fication is to be found on page 52 of the later of these two papers. 

"Ventrally the outer margins of this bony plate (the ‘Basi- 
sphenoid') are produced into long basipterygoid processes, which bear 
a depressed area for articulation with the palato-quadrate on the 
upper and anterior faces. The root of each basipterygoid process is. 
perforated by a foramen which leads into a canal running upward 
and outward in the basisphenoid until it leads into a groove on the 
upper surfaces of the processus ascendens of the parasphenoid.” 

"From this canal a branch passes downward and inward to per¬ 
forate the parasphenoid and open on the ventral surface of the skull. 
The main canal must* have transmitted the palatine branch of the 
facial nerve, the branch being for a ramus pretrematicus, passing to 
the skin of the mouth, as Herrick has described in Menidia* (*It5ics 
are mine.) 

For comparison with this statement I quote Hemck (1899, p. 173) 
on Menidia ■ "A large bundle of communis fibres runs from the 
ventral surface of the geniculate ganglion, enters the same foramen 
os the truncus hyomandibularis, crosses the latter nerve and gives to 
it a considerable communis component, as already described. Immedi¬ 
ately after its emergence from the cranium it divides into two approxi¬ 
mately equal portions; one, the ramus palatinus, passes cephalad along 
(not in) the cranial wall under the origin of the m. adductor arcus 
palatini, the other, to which I have applied the name of ramus pretre¬ 
maticus VII, turns directly ventrad along the caudal and inner face 
of that muscle and between it and the large pseudobranch, t , , 9k 
again not in a canal. 
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It fa[ Air from this description that ill no part of its length it 
the msfe* pehrtimu facialis in Memdito enclosed in a bonv canal, nor 
is the liny ramus ptetrematicus. 

Hetrick's description would lead one to infer that the canals 
deserved by Watson did not enclose the nerves. 

TheireWence to Aftnidia is peculiar, because a comparison with 
Amio would have provided some resemblance. In this form the pala¬ 
tine nprvft lies between the parasphenoid bone and the sphenoidal 
dutilaJre, and a similar position for the nerve in Lepidosteus has been 
described by Norris (1925, p. 371). 

The parallel is, however, far from exact In these forms the canal 
between bone and cartilage is reached by the nerve from without, and 
its posterior end is apparently much further forward than is the 
posteriorecd of the canal in Watson's drawing of Cosmopt\chius No 
part of the canal for the palatine branch of the facialis in the two 
holostean forms lies in the basisphenoid region. In both cases the 
palatine nerve is accompanied by components of the glossopharyngeal 
nerve and by blood vessels. 

Actually the most that can be said of the canal in question is that 
it is possible that it transmitted branches of the glossopharyngeal and 
facial nerves and more possibly blood vessels, but as to the source 
of the latter one would hardly be justified in hazarding a guess. # 

On page 848 of the earlier of the two papers Watson seriously 
discusses the form of the brain in an Osteolepid and in the Palaeonis- 
cids, basing his whole discussion on internal caits of the neural crania. 
He says, "the cerebral hemispheres of Osteolepis, if we may judge 
from the character of the chamber in which they lay, were long and 
of considerable size. /* fact, the brain, as a whole, cannot haVe dif¬ 
fered very greatly from that of Ceratndus and an Amphibian ” 

Towards the end of the next paragraph we meet the following, 
relative to the brain of the Palaeoniscids ■ "It is probable that the 
reduced cerebral hemispheres imply that the sense of smell was no 
longer, as it is in all primitive fish, the chief agent in the recognition 
of food, and that the extravert type of cerebral hemisphere had 
already been introduced in them.” 

Like much else of the work, this is simply speculation, quite 
unsupported by factual evidence, and based on purely personal inter¬ 
pretation of the structures observed. Jn the same category is the 
statement on page 845 of the same work that "The seventh nerve 
arises by a single root, so far as can be seen from the skull, . . . '* 
One only wonders that our author does not tell us the relations of 
the nucleus of the facial nene to that of the trigeminus* 

Watson (1915, p. 848) *a\s that in Osteolepis the outer wall of 
each olfactory capsule is perforated by a small circular external nostril, 
"its ventral surface by a triangular internal nostril, . . . ♦” 

This again is entirely a question of interpretation, and not a state¬ 
ment of fact. (See postea p. 118). 

Having in mind the licence which Watson has allowed himself 
in the inteipretatkm of neurocranial structures, one cannot but view 
with suspicion his interpretations of the various fragmentary palates 
he attempts to restore. 
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At the outset one may point out that the ideitttfiddicm of a notch 
at die anterior end of the palatal complex of tfemataptych itf r (fcy. 7& 
p. 858) as being for the transmission of the mapdihular and mantttajy 
branches of the Vth nerve is obviously incorrect, at least in so far as 
concerns the mandibular ramus. The mandibular ramus must have 
passed down behind the gape of the mouth and dose to theikrwp' 
jaw joint. There is no reason to suppose that it took a course, efctirdy 
without parallel, far forward and then turned back. 

Watson’s figures 22, 23 f and 24, represent palates which are subject 
to interpretation in terms of those of Ltpidosteus and Amia. Although 
much fragmented, it appears unquestionable that that of Eteonkhthys 
aitkini is the least distorted, and presents the bones in the nearest 
approach to their natural position. In the others, if Watson be correct 
m assigning them all to the same genus, the bones must be thrust 
from the midline and laterally compressed, or else die thin imer 
area of the palates has been lost. This appears to be supported by the 
condition present in the allied Euryonotus crenatus (1928, fig. 12, p. 
62) and by the contours of both the palaeonisdd neural crania figured 
and described by Watson. These indicate that a relatively narrow 
interval was present between the hyomandibular articular facets on 
each side of skull. 

A comparison of Watson’s figure 23 (1925, p. 855) of the palate 
of Eleonichthys aitkini with the palate of the short-headed Lepidosteus 
leads to the belief, assuming that the illustration correctly depicts the 
fossil, that these two fishes are very similar. E. aitkini apparently 
possessed a true ba9ipterygoid process articulating with one of the 
medial palatal bones. Since the process appears to have been in the 
same situation as that of Lepidosteus it is certainly not unreasonable 
to believe that it articulated with the homologous palatal element, that 
is to say, with the metapterygoid, and there appears to have been 
the same relatively extensive gap between the articulating bones and 
the hyomandibular behind in both forms. Apparently the whole palatal 
complex and its posterior mandibular suspensory components stood 
down \yell below the plane of the basis cranii, and, in the specimen 
illustrated, it has been displaced laterad and caudad. The bone which 
Watson identifies as the pterygoid is the mesopterygoid of Lepidot- 
tcus In the fossil fish it is more extensive than in the other and 
recalls that of Polypterus. The bones which Watson identifies as 
Palatines I, II, and III, and ectopterygoid, are certainly identifiable 
as an extensive, fragmented, palatine in front, and ectopterygoid 
behind. The little fragments identified as suprapterygoids IV and 
V are in all probability the fragmented metapterygoid. The unidenti¬ 
fied fragment lying behind the ectopterygoid is conceivably portion of 
the quadrate. 

This interpretation of the palate of Eleonichthys is not offered at 
a definite identification of its elements but as an indication that, on the 
evidence before us, it fc possible to interpret it in harmony with 
already completely known fish palates, and because it is undesirable 
whilst such an interpretation is possible to create new palatal types 
on such fragmentary evidence as these crushed and distorted palates 
provide. 
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Onfl cannot conclude this review of these two papers without com-* 
mentixig go Watson’s identification of the basipterygoid process in 
several of the fishes described. 

The basipterygoid process is an ossification of the para- or immedi¬ 
ately pre-pjtuitary region of the cartilaginous basis cranii, and is a 
process of the basiBphenoid bone. 

Nowhere among the living fishes do we find a basipterygoid process 
which conforms completely to the above definition. In Lepidosteus, 
however, there is an ossification of the correct region of the basis 
cranii, but the ossification is by an extension forward of the prootic 
bone, not the basisphenoid. 

Keeteven (1926, p. 121) suggested that we should regard as com¬ 
pletely homologous, bones which ossify in precisely similar regions 
of the primary chondrocranium, even though they may not develop 
from similar centres of ossification, proposing at that time to designate 
those which develop from the usual centre of ossification, “deter¬ 
minate”; and those which develop by extension from the centre of 
ossification of a contiguous bone, "predeterminate." 

Applying this principle in the present instance we may accept the 
identification of die basipterygoid process in Lepidosteus It is truly 
a basipterygoid process, but is a predeterminate form thereof. 

Comparison of Lepidosteus with Watson's illustration of the frag¬ 
mented palate of Eleonichthys oitkini leads one to accept without 
reservation the identification of a basipterygoid process immediately 
medial to the little palatal fragment labelled S.PtIV. It is also very 
probable that the parasphenoid extended much further back than 
Watson's interpretation allows. 

In the case of E. binneyi, however, it is clear that the tubercle 
which is identified as the basipterygoid is placed a long way too far 
forward to be that structure; there can be little doubt that this tubercle 
is actually antoibital in situation. 

In Polypterus and quite a number of the Teleostei there is a pro¬ 
jection of the parasphenoid below the basts cranii in the region in 
which the basipterygoid process is found. This is a fundamentally dif¬ 
ferent structure to the true basipterygoid process. It is not developed 
cndochondrally from the primordial basis cranii. 

It is to be observed that in Lepidosteus, in which the true process is 
developed, there is related to its underside a spur of the parasphenoid. 
In Polypterus and the other examples mentioned there is no cartila¬ 
ginous or endochondral bony process related to the parasphenoid 
•pur. 

In Cosmoptychius striatus (1928, p. 52) the basipterygoid process 
is correctly identified by Watson as a process of the bastsphenoid 
(Watson. 1926). 

Watson asserts that Dipterus valenciennesi presents so many fea¬ 
tures which resembled those of the contemporary Osteolepids that 
the two groups (Dipnoi and Osteolepids) "arose from a common 
ancestor not much earlier in date,” and he continues, “it is from this 
hypothetical fish that I believe the Amphibia to have risen. The 
evidence on which this view is founded is most convincingly pre¬ 
sented by a comparison of the structures of the skeleton, of the 
body form, and movements, and of the mode of life, in an Osteolepid 
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and an Embolomerous amphibian. In onfcr to some the fttfrtaftab 
for such a comparison I have been forced to teferttyaf* the tabs* 
lepid structure anew . . . " (p. 195). * * ' 

Dr Watson is certainly ingenuous; he does not bosftat* 
that he was already convinced before studying thrift that, if Hie 
fossil fish were studied, evidence in support of Ida preconceived 
theory of the evolution of the Amphibia would be found in their 
structure. 

It was apparently this mental attitude which prompted die follow¬ 
ing paragraph. "The exoccipitala in the Osteokpida reach up to a 
well-developed supraoccipita], which in Osteoiepis stretches forward 
ever the whole of the hind brain , as it does in the EtnbotomCri. The 
otic capsule forms a paroccipital process which supports the tabula, 
and may or may not be m contact with the skull roof for the whole 
of its length, precisely as in the Amphibia. As is them, the anterior 
part of the brain lies in a cavity in the upper part of a thick inter¬ 
orbital septum whose lower edge is the parasphenohL” Watson per* 
silently makes the error of designating the parotk process "paroc¬ 
cipital ,r The paroccipital process lies vent rally to the otic capsule, 
the parotic lies dorsolaterally to it 

“The basisphenoid in both fish and Amphibia has definite ba*i- 
pterygoid processes with which the epipterygoida articulate." 

As was the case in the last papers reviewed, much of the apparent 
statement of fact in these two paragraphs is largely interpretation. 
In the previous paragraph to that quoted, it is stated that the osteo- 
lepid brain case '*is not divided into separate bones tn any known speci¬ 
mens M Yet we are told that this osteolepid brain case resembles the 
F.mbolomeri because its component bones occupy certain areas. 

Examination of his illustrations discovers that the parotic process 
of the Embolomeri is infinitely better developed than that of the 
osteolepidi, in which it is essentially similar to that of almost any 
typical acanthopterygian percoid skull. In these forms H has not 
been dignified by separate designation or definition. In the Embolo¬ 
meri, if they be all similar to that of Orthosaurus pachycephaluS, the 
parotic processes are extensive and recall those of certain of the 
reptiles and modem amphibians. 

The statement relative to the situation of the anterior part of the 
brain is absolutely without am foundation in fact; on the contrary, 
remembering that these were fossil fishes such evidence as may be 
obtained by the examination of the uanial cavities of the modern 
ganoids and teleosts. and consideration of their casts relative to the 
form and situation of the contained brains, suggests that the fore- 
brain did not extend appreciably past the well-denned temporal fossa 
of perfectly typical teleost outline which Watson depicted in the 
Palaeomscid in figure 20 of the 1925 paper, nor much anterior to the 
typical rrigemino-facialis chamber illustrated in the top drawing of 
figure 78 of the communication undei review. 

Not only is this so, but his own descriptions and iHustrations belle 
his homologies. It should surely have been obvious that the structures 
wh*ch he labels basiptery^oid processes in the two reconstructions of 
fish crania illustrated in his fig. 4 could not be regarded as baifpte^ 
goid processes. 
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Uf A* JteffctMr pfl the other hand, there it obviously a typical 
t w ipterygoid process of the basisphenoid essentially, me might almost 
toy precisely, similar to that of many reptiles. In the Eusthenopteron 
a critical examination of Bryant’s description and illustration of the 
orbjtospheuoid must surely satisfy one that it it the posterolateral 
corner of a relatively normal ethmosphenoidal ossification which is 
here identified a* a basipterygoid process. 

One most also take exception to Watson's assumption that the 
metapterygoid of the Osteolepida is the homologue of the epiptery- 
goid of (he Embolorneri (vide postea, pp. 119-121). 

This assumed homology rests only on his further assumption that 
certain branches of the fifth nerve passed in certain relation to the 
dorsal margin of the bone. Even if we grant his assumption, as to 
the Spatial relations of the bone and the branches of the ncive, the 
homology is by no means proven, Kesteven demonstrated quite con¬ 
clusively that tiie relation of the branches of the fifth nerve to homo¬ 
logous bones is variable, and unreliable as a definitive feature 1.1 deter¬ 
mining homologies (Kesteven, 1926). 

As a matter of fact, this homology is so far fetched that it could 
only have been suggested by one in search of evidence in suppmt of a 
preconceived theory; it would be amusing if it were not regretuble. 

Ridewood, in 1904, described the neural crania of a number of more 
or less abnormal teleostean forms, and several of his illustrations 
have been reproduced by Gregory (1933), who gives in addition 
illustrations of a number and a wide range of normal crania. It is 
suggested that if Watson’s illustrations of the neural cranium of 
Osteoltpis and Bryant’s Eusthenopteron be compared with these and 
with figure 4 of this communication, such a comparison must con¬ 
vince the unbiassed student that the fossil neurocrania are readily 
interpretable in terms of that of the modem fishes. The resemblance 
is essentially to the fishes. One notes that the parasphenoid is missing, 

Watson writes (p. 234), “The neural cranium of the osteolepids 
was first, though quite inadequately, described by Rohon; later again 
misleadingly, by myself and H. Day and by E. A. Anderson; and 
finally more successfully by W. L. Bryant. Dr. Bryant’s description 
is, as Dr. Stensio informs me, and I have been able to confirm, from 
an examination of the original material, inaccurate in certain 
respects 

Notwithstanding all this difficulty and divergence of interpreta¬ 
tion, Dr. Watson uses his latest interpretation with complete confi¬ 
dence to supply evidence as to the evolution of the Amphibia, He tells 
us that the arguments of his communication rest upon the structures 
of the Embolomerous Amphibia and of the Osteolepid fish. As a 
matter of actual fact, then, the whole of his argument an their cranial 
structure in support of the crossopterygian ougin of the Amphibia, 
rests largely on assumed structures which may or may not have been 
present n the neurocrania of Osteolepis and Eusthenopteron, and on 
the similarity of the dermal covering of the skulls. 

Dr, Watson's three drawings of the lateral view of the neural 
crania are misleading, and almost partake of the nature of “special 
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pleading.” Hi* other illustrations show very pUa^Hut these neural 
crania in a dona! or ventral view would have shown even less resem- 
blance than do these lateral views. 

The similarity of the dorsal dermal pattern of Cheirolefit to that 
of modem Acanthopterygii has been discussed previously. Gregory 
(1933) has reproduced Watson's illustration of this and of the three 1 
illustrated on page 197 of the work. These may be conveniently coni' 
pared with the dorsal pattern of the moderns illustrated on the later 
pages of Gregory’s work. 

At the same time it may be pointed out that if similarity of dorsal 
dermal pattern may be accepted as evidence of genetic relationship, 
then the converse should be true. 

A classification of the modem fishes based on such a premise 
would indeed lead to a chaotic grouping of the living forms. 

Watson writes (p. 245), "A comparison with Mocrofioma (one of 
the Coelacanth fish) shows quite clearly that the pituitary foasa lay 
within the basisphenoid between the basiptery^oid processes, and the 
position of the pineal foramen confirms the new that the thalamen- 
cephalon lay in the hinder parts of the anterior section of the neural 
cranium.” There is no certainty that a pineal foramen is pre se nt 
Many modem fishes exhibit deficiencies in the dorsal roof, in the 
position of a possible pineal foramen, but these are not of that 
character. 

Quite apart from the fact that the basisphenoid bone of Macrofoma 
diners markedly from that of the Osteolepido, as restored by Watson 
(and there is no certainty that the bone in Moeropomo is a basi- 
sphenoid at all), Watson has himself advanced the strongest evidence 
against the possibility of the brain extending into the “anterior section 
of the neural cranium.” 

He has advanced evidence that there is a joint between the two 
"sections” of the “neural cranium,” and that the joint functioned as 
such, that is to say, he believes that there was actual movement about 
this joint. 

It appears highly improbable that the brain should have been sub¬ 
jected to stress and strain by lying across a joint There is no doubt 
that the joint between the dorsal derm bones in the Dinosaur skull 
(with which Watson compares it) lies entirely in front of the brain, 
as does that of the parrot’s skull. 

The Bramcose of the Carboniferous Crossopterygian Megalichthys 
nitidus, by A. S. Romer. 

The neurocranium has already been discussed, but further com¬ 
ments are called for. In a later paper (1941) he has described the 
hyomandibular of this fish in detail His specimen indicate* that the 
bone was binarticulate and he was of the opinion that this was an 
unique feature. He states (p. 147), "in all fish hitherto known, the 
hyomandibular has but a single attachment” This is quite erroneous, 
the hyomandibular banes of recent fishes present one, two or three 
distinct and separated articular facets. Kesteven (1926, p. 208) pro¬ 
posed the terms mon-, bin- and trin-articulate as descriptive of both 
die bone and the type of articulation. It is possible that this hyotnan- 
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dibular wm attached to the slcufl in die same mannef as the binartictf- 
late tfpea amongst the recent fish* It baa not yet been found actually 
in plate, 

It it believed by Romer and others that the two articulations of the 
bone were placed above one another. Whilst the two depressions 
present on the side wall of the skull justify the belief, it is possible 
that the lower really gave attachment to the anterior end of the 
branchial skeleton, it is certainly in the position of such facets on 
numbers of the recent fish. 

There are quite important factors which give support to this sug¬ 
gestion. First, it seems reasonable to assume that the hyomandibular 
was, at least, as firmly bound to the opercular bones ana cheek plates 
as in living archaic fishes. Therefore, if the bone was articulated 
to the skull at two points, one above the other, then all these bones 
must have been so firmly fixed that the movements of respiration 
would have been impossible. 

Neither abduction, adduction nor rotation would have been pos¬ 
sible about the hyomandibulo-cranial joint, but on the other ^and, 
the well-developed articular heads of the bone indicate a functional 
joint If Renner's illustration of the hyomandibular bone is correct, 
then, with the two facets in place in the depressions he illustrates on 
the skull, the shaft of the bone would have, apparently, been directed 
upwards and backwards. If, as in other binarticulate bones, the two 
joints were placed at the same level, one behind the other, the direc¬ 
tion of the bone would have been normal, and, of course, the normal 
movements of respiration could have taken place. 

Romer writes that comparison with Ceratodus suggests that "two 
small tubers" on the ventro-lateral surface of the otic capsule "afford 
origin for branchial levator muscles." 

The facts are that in Ceratodus the levator branchii muscles arise 
from the underside of the cartilaginous roof of the branchial fossa and 
from the perfectly smooth surface of that ceiling (Kesteven, 1944, pp. 
140-141). It is very exceptional for muscles to arise from tubercles 
or tuberosities on the skull of any of the fishes. The characteristic 
condition is that they arise from fiat surfaces, and from fossae 
separated by flanges or ridges, to which the rausdeB, commonly, are 
not attached. 

In the present instance it is evident that Romer did not make 
an examination of the actual conditions in Ceratodus . Had he done 
ao his dissection would have prevented him from making such a 


cornea 


nson 

whole of the arguments of Romer and others in the attempt to 


establish similarities between the suspensonum of the Crossoptery- 
gians and that of the Tetrapods, are discounted by the fact that In the 
Fishes, suspension is effected by the hyomandibular, which is placed 
between the quadrate and the skull. The Chimeroids are the only fish 
in which the quadrate is attached directly to the skull Romer dis¬ 
cusses the attachments of the quadrate to the skull, and the questnn 


Whether they are primary or secondary. The weight of embno- 
logical evidence was accepted, two or three decades ago, as proving 
them to be secondary, and this has not, I believe, been questioned 
since. All the evidence in question also indicates that no part of the 
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hyoid hu entered into the foitnatlou ol die tiluriiiiitW ^ < Hwr 

S uadratc. Therefore, in the presence of a hyoftandihulhr, We ftft'ia 
lie pretence of a fundamentally important feature wfakh distil** 
guishes the whole of the rest of the fishes from the Chimeroids a£ 
well as from the Lung fishes and the rest of the fce tr *po d & 

It should be noted that the whole of the argUtnoots are directed 
towards establishing similarities and homologies between Cto as op te ry* 
mans and tetrapods which are obviously and admittedly present as 
between Dipnoans and Tetrapods. Although cognisant of this, 
palaeontologists have failed to recognise its Importance because the* 
pplate of the Dipnoans is so peculiarly specialised. 

Romer writes, “it is unquestionable that the crossopterygians and 
lung fishes are allied stocks Rut comparison of their endoeranial 
structures is difficult. Part of this is due to marked difference in jaw 
structure and articulations. But further difficulties are due to the fact 
that living lung fishes have surely departed widely from the ancestral 
type in brainease structure, as they are known to have done in the 
case of the dermal skeleton." 

There is no evidence that the brainease of the modem Dlpnqan* 
has departed in any important detail from that of the early forms, 
or from the ancestral type. The modification of the dermal shield 
cannot be accepted as evidence of any such change. 

On the Structure of the Snout of the Crossopterygians and Lower 
Gnathostomes in General , E Jarvik (1942). 

Jarvik describes the snouts of three crossopterygian species in 
great detail The work is based on reconstructions from aerially 
sectioned material, and the correlation of features presented In Several 
specimens There is every reason to believe that he has presented us 
with correct descriptions and illustrations of the three snouts. 

Jarvik has no doubt that both the rhipidistian species illustrated 
were choanate, and at first sight his descriptions and illustrations of 
Eusthenopteron, at least, appear convincing A more critical examina¬ 
tion of his evidence, however, leaves one very much in doubt. The 
specimen is undoubtedly portion of a fish, and the description is con¬ 
fined to bony parts In all recent ganoids and in a very large number 
of the modem fishes there is much cartilage related to &e ethrao- 
sphcnoidal ossifications In the absence of this cartilage the nasal 
capsules of quite a few forms would appear to open ventrally. Also 
there is a gap, in the situation of the "internal nans” in the palate 
of Eusthenopteron, between the palatal bones of many recent fish. 
This gap is made good in the living fish by cartilage and/or con¬ 
nective tissue. It must not be forgotten that the surviving ganoids are 
not choanate These recent ganoids are really the only factual evidence 
we have as to what the structure of the ganoids was. 

After the most detailed "restoration 1 ' of the constitution and dis¬ 
tribution of the cranial nerves and other soft structures m relation 
to the snouts of Porolepis and Eusthenopteron, Jarvik concludes that 
the Urodeles are derived from the Forolepiformes, and die Assam 
from the Osteolepi formes. 

If Jarvik’s restorations might be accepted as evidence, there is no 
doubt that they would support his contention, but remembering that 
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■ StepetWricrfiafe are undoubtedly those of fish, and present most of the 
cH i tect e r a of fish neorocnuua generally, there is no doubt that any 
COtqpefcnt' anatomist amid "rtitortf die distribution of die cranial 
‘oerrts #nd location of die maw bipod vessels in accord with the 
general pattern of the fishes just as convincingly, and with, perhaps, 
‘more justification. Ilia contribution to factual evidence is his care- 
nd description and illustration of the three snouts. All his restora¬ 
tions are merely reiterations of his conviction that they exhibit 
amphibian characteristics. The evidence supporting his conclusion as 
to the derivation of the two recent amphibian groups resolves itself 
into die facts that die nasal capsples of the Porelepiformes are widely 
separated, whilst those of the Osteolepiformes are separated by only 
a nasal septum. 

Jarvik overlooks, or neglects, the fact that in some of the Urodela 
the nasal capsules are separated by only a septum as in the majority 
<of the Anurs, whilst in some of die latter the capsules are separated 
as in die majority of the Urodela. These facts throw very grave 
doubts on the verity of bis conclusions, 

It might, conceivably, be suggested that since the capsular con¬ 
ditions cited by Jarvik are, in the main, characteristic of each of the 
two classes, those which depart therefrom are degenerate, or other¬ 
wise specialised. As a defence of his diesis, this argument must 
defeat itself. If it be granted that either form may be derived from 
die other directly, by degeneration or otherwise, then, wherever it 
occurs it may have been so derived. 

I have repeatedly insisted, both for myself and others, that because 
none of our problems in evolution are, as yet, capable of mathematical 
presentation and proof, we are not justified in stating any of our 
opinions or conclusions dogmatically or, in effect, writing QE.D. 
after any of them. I may, therefore, perhaps be permitted to record 
a protest against the presentation ot opinions ("restoration!,") as 
though they were facts. This practice imposes upon readers the 
necessity of being constantly on the alert, lest they be misled into 
accepting those opinions as factual evidence, and calls for an irksome 
degree of concentration in the reading. 

The Homology of the Crossopterygian Metaptbrygoid Bone. 

An extraordinary confusion has resulted from the application of 
the designation "epipterygoid” to a certain bone in the wall of the 
cranial cavity of fossil amphibians and on the palatoquadrate of 
certain fossil fish Save-Soderbergh (19.16, p. 145) wrote: 

"The extension of the epipterygoid ossification m Lyrocephahu to 
Include both basal, ascending and otic processes of the palatoquadrate 
throws a new light on the nature of the so-called metapterygoid of die 
Coelacanthids. It has already been shown by Stensio that this 
metapterygoid corresponds to the processus bosahs, ascendent and 
oticus of the palatoquadrate in Dipnoi and Tetrapods. We are now 
able to go further and say that the so-called metapterygoid of the 
Coelacanthids is the exact equivalent of a well-ossifiea epipterygoid of 
a Labyrinthod oa t And even if it is probable that the bone dis¬ 
cussed arose independently in the two groups by fragmentation of a 
cootimioju palatoquadrate ossification, it is evident: (1) that the 
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bone discussed of the CoelacanthidS is much ipdre dosely Constable 
to the epiptemdd of the Tetrapodi than the jpetaptet^gpjtf of nth 
Actinopterygii; (2) that the presence of such ex ortfy comparable- 
bones is evidently due to very closely comparable mechanical con¬ 
ditions in the two groups, indicating a dose relationship. Accot“dingW» 
it seems more correct that the bone discussed be called the' epipterygoid 
also in the Codacanthids.” 

So much of this quotation is so utterly at variance with generally 
accepted belief, that die absence of argument or evidence in support 
of its astonishing statements makes one wonder whether it is not 
entirely due to careless terminological inexactitude. It cannot, how¬ 
ever, be dismissed so lighdy. To begin with, his so-called epipterygoid 
(cpt. fig. 5) is probably a prootic ossification, and possibly a predeter* 
ruinate alisphenoid bone. 

It will have been noted that in the above quotation he states that 
the epipterygoid ossification of Lyrocephalus indudes not only die 
ascending process, but all three processes. He then states {hat the 
metepterygoid of Coelacanths has been shown by Stensio to corre¬ 
spond to all three processes of the palatoquadrate of Dipnoi and 
Tetrapods, and next states that this metepterygoid is the “exact equi¬ 
valent” of an epipterygoid in a Labyrinthodont This is, in effect, 
stating that the ascending process of the quadrate in this Labyrintho- 
dont is homologous with all three processes in the Dipnoi ana Tetra¬ 
pods. But the Labyrinthodont is itsdf a Tetrapodt 



The exact comparison of the quotation is based upon the supposed 
participation of the metapterygoid in the formation of a cavum epi- 
ptericum in the fish, and on the assumption that in the fishes in 
question the palatoquadrate was suspended from the skull by the 
metepterygoid alone. 

The discovery of the complete and perfectly typical hyomandibular 
in Megalichthys and in Lotimerio completely disposes the latter 
assumption, ana with it the "closely comparable mechanical conditions.” 

It is, of course, well known that die palatoquadrate is attached 
posteriorly in all amphibians, except the Coedlians, by basal, otic and 
ascending processes. In the Coealians only the ascending process is 
present. It is equally well known that the processus ascendens is 
present in embryonic stages, of all reptiles, and persists as atk 
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independent "qripUrygoid" boat in Lacertilia, Rhyncocepbalia and 
*omi r few pthfer iw>we& 

Unfortunately, Ibis bone was confused with the atisphenoid bone 
of the Crocodflia and Cynodontia, so that this and the alisphenoid 
bone of some amphibians came to be designated epipterygoid. Keste- 
yen (1918, 1926 and 1941) pointed out that whilst die bone in the 
Cydodonts was pretty certainly homologous with the alisphenoid of 
the Mammalia it was not homologous with the epipterygoid bone. 

Be that as it may, the fact is that any bone in the side wall of the 
cranial cavity of an amphibian or a reptile may be designated "epi- 
p|erygo*d” only if it be deemed to be homologous with the processus 
ascendent quadrati. Sive-Soderbergh is not alone in describing on die 
palatoquadrate of fishes and in the side wall of the cranial cavity of 
certain amphibians an “epipterygoid bone' 1 ; a processus ascendens 
quadrati; which has, attached to it, asqending, basal and otic processes. 

In view of the presence of die ascending process as one of the 
attachments of the palatoquadrate in all recent amphibians and in so 
many reptiles, we are surely simply compelled to regard it as an 
inherited feature. Further, since all three processes are present in all 
recent Urodela, Anura and Dipnoi, they, too, must be regarded as 
having been inherited from the common ancestor. If these be deemed 
reasonable assumptions, then it would seem to follow that primitive 
amphibians also had these same three processes. If not, whence came 
they in all the recent forms ? 

Whatever be the answer to the last question it is quite wrong to 
designate any structure the epipterygoid bone, unless it be equated 
with the processus ascendens quadrati. 

Sten9io, Save-Soderbergh and Watson all fail to compare the 
palatoquadrate arch of the Crossopterygians with those of fishes The 
comparison is attempted here, and since illustrations convey shape 
and relations better than words the palatoquadrate arches of 
Wimarna, Matropoma, Lepidosteus, Salmo, Epmephalus and Lori- 
meria are pictured below (Fig. 6). It is surely quite clear that the only 
differences between these specimens are those due only to variation in 
the length and width of the component bones The close resemblance of 
Smith’s description and illustrations of the bones m LaUmerta to thos*e 
of the fossil forms justifies confidence in the correctness of the 
descriptions of the palaeontologists These are fairly certainly, not 
coincidental resemblances. The bones are the same in the fossils and 
in the living forms. 

It may be concluded that the metapterygoid bone of the Crosso- 
pterygians is not merely homologous with the bone of the same name 
in the recent fish, it is that bone. 

The Palato-pterygoid Portion of the Quadrato-palatal Arch 

Romer (1937) offered an exceedingly interesting “working hypo¬ 
thesis” which, he says, is far more consistent with known palaeonto¬ 
logical facts than those based primarily on embryology, which are 
now current. It is that in the primitive gnathostome the upper end 
of the maxillary and upper ends of the rest of the arches were fused 
to the skull. 
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ft ate 4#0EMb*m, *tt»pie explanation for the origin of the palato* 
portion Of the arch, and one more understandable than 


that generally accepted at present. Hie present belief is that die tipper 
end of the arch m at the attachment to the skull behind, and the 
pterygoid process S* deemed to be a secondary anterior growth. If 
Homer’* suggestion is correct, then the upper end of die arch must 
bf the anterior end, so commonly attached to the ethmoid. The palato- 
pterygoid portion would be regarded as the body of the original half- 
arejk, and the quadrate and its processes of attachment would all be 
deemed to be secondary developments, in response to the mechanical 
need of firm fixation of the jaw joint, and the efficient development 
ofvthe joint itself. 

This explanation of the origin of the anterior portion of the palato- 
quadnte arch, granted that Romer's suggestion is correct, is not only 
a very simple one but it is supported by the mechanical factors which 
may reasonably be thought to have been operating. The current theory 
is based entirely on embryologies] evidence and is devoid of any 
mechanical explanation; nor does it explain why the anterior end of 
the process is so commonly continuous with the ethmoid. 

It may be said that in a study of the cephalic musculature of the 
Etaamobrahchii, the serial homology of the muscles of the branchial, 
hyoid and mandibular arches can only be understood on the assump¬ 
tion that the palato-pterygoid process is, itself, the upper half of the 
Maxillo-mandibular arch. (Vide Vetter 1874, 1878, Edgeworth 1935, 
UghtoDer 1939, Kesteven 1942-45.) 

Suction III 


The most convincing presentations of the case for the crossoptery- 
gian origin of the Tetrapods were the earlier contributions. Hick 
were baaed entirely upon the various features wherein the fossils 
clearly resembled the primitive amphibians. The most important 
evidence was that provided by the Upper Devonian fish, Eustheno- 
pteron In fact, it is almost true to say that the whole case rested upon 
the marked similarity of certain features in the dermal shield and 
palate of this fish to those of the Embolomeri, primitive amphibians 
from the Coal Measures. The case has, since then, been further 
strengthened by the resemblances of the Ichthyostcgidae, Upper 
Devonian amphibians, to Eusthenopteron and some of the other 
Devonian and Carboniferous Crossopterygians. 

Although palaeontologists have interpreted the better preserved 
neurocrania of these fossil fishes as supporting the crossopterygian 
origin of die tetrapods, the fact remains that these are essentially the 
neurocrania of fish, and, as a matter of fact, bear very little resem¬ 
blance to those of the primitive, fossil, amphibians. 

Although the mutual resemblances of the dermal shields and palates 
of the primitive fishes and amphibians does justify a belief in the 
accepted theory, the evidence is far from convincing. A critical 
examination of the facts available leads to the belief that the dawn 


of the Tetrapoda antedated the appearance of the Crossopterygians 
and took piece in Lower Devonian times or earlier. 

The earliest known Crossopterygian is apparently Porolepjs, which 
appeared in the Lower Devonian. Unfortunately, nothing is known 
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of its palate beyond the fact that the ptrta&lititifc bMe ciEteoded 
far forward, as fat other m em bers of the RhfpMiiti*, sad that tht^t 
was a tooth-bearing premaxilla. The evidence tS'SdAM’, btit, ha at 
as it goes, it suggests very strongly that the palate was ftorilaf to that 
of the CroSsopterygia generally. ' * * ' 

The Dipnoi and the Idithyostegidae appear tbgethei 1 , in point of 
time, in the Upper Devonian. There is no dottbt thafras latter Wert 
tetrapods, that in fact they were amphibians. There fa no teasOtt td 
believe that the Devonian dipnoans differed in any fttpptttnt respect 
from the recent forms, and the work of Kesteten (1931, a'Aha b, 
1942-45) and Kerr (1932) should have r em oved any'doubt that they 
are primitive amphibians also. 

There were, then, two distinct tetrapod types existing in Devonian 
times, and they must have been derived from an earlier ancestor. There 
is a general agreement that these two primitive tetrapods were derived 
from a common stock. It is obvious that the Ichtfyostegids and the 
Dipnoans cannot have been derived from contemporaneous Crosso- 
pterygians, and, therefore, notwithstanding the many features of 
similarity, we must look elsewhere for the common ancestor of these 
two earliest tetrapods 

Before proceeding further it would be well to briefly review the 
features of similarity between the Ichthyostegids and the Dipnoans. 

Save-Soderbergh (1932, p. 98) wrote*—“in certain characters 
Dipterus seems to be more nearly related to the Ichthyostegids than 
arc the Crossopterygians Thus, its dermosphenotic seems to have 
fused with the pofttorbital; on the right of the specimen figured the 
supratemporal has fused with the intertemporal, and finally there is 
is an unpaired central panetal, whereas in Crossopterygians there 
are only paired parietal elements ” Hr then gives details of certain dif¬ 
ferences, and, later, continues. “There is, however, also in the 
palate one feature in common to the Dipnoans and Ichthyostegids, but 
not found in the Crossopterygians, vir, the median suture between 
the anterior parts of the entopterygoids." 

The position of the two nares is another feature wherein the 
Ichthyostegids resemble the Dipnoans It may be that somewhat 
similar nares are present in some Crossopterygiana. 

There is yet another, and very important, feature in which the 
two tetrapods both differed from the Crossopterygians This is the 
ahsence of the hyomandibular as a component of the suspensonum. 
Although overlooked or neglected by palaeontologists, this is a feature 
wherein the Dipnoi, and presumably the Ichthyostegids, present a 
distinct and fundamental advance on the crossopterygian condition. 

It is difficult to believe that these features of similarity could have 
arisen independently in the two tetrapods; therefore, it would seem 
that if either was derived from a ctossopterygian ancestry, both must 
have been. Since all known Crossopterygians had hyoid suspension, 
it seems improbable that the tetrap<xN were derived directh from them. 

The undoubted resemblance in the number and arrangement of 
the bones in the palate must be accounted for on the assumption that 
all three derived the palate from a common ancestor. 

The resemblance of the palate of the Dipnoans to that of the 
Ichthyostegids is not obvious, but is recognisable once it is realised 
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ire due to the absenes of bones from die fanner. 
It \p g w wi tt f ipred that the peculiar character of tht Dipnoan 
palate Is doe to extreme specialisation, which has resulted in die loss 
of • the bones related to the palate-pterygoid portion of the maxaflaiy 
arch. The tames which remain differ from the corresponding dements 
b the primitive amphibian palates, in size only, not in their relations 
to one another or to the base of the cranium (Fig. ?). The essential 
Similarity of these bones is only partly disguised by die peculiar 
teeth on those of the Dipnoatu, and this difference in the teeth should 
not be deemed of phylogenetic importance because we observe equally 
marked differences in me teeth of, relatively closely related Elasmo- 
branchSi 




A B 

riff. T—Two EHpbou p*UUg- 

The important concept here is that the differences in the lateral 
parts of the palates is due to loss of bones from that of the Dipnoans. 
It will be o b se r ved that this is referred to as a concept, not as a 
fact; it M based upon an assumption. If that assumption is accepted 
as reasonable, then, one is emboldened to say that in their cranial 
osteology, the Ichthyostegids may almost be regarded as Dipnoans 
which nave not lost die lateral elements of the palate, and in which 
the para sphenoid bone has undergone a further reduction towards 
that complete loss seen in the Sauna. 

The reduction of the parasphenoid bone in the Embolomeri and the 
Ichthyostegidae is another fact which makes it difficult to believe 
that die Tetrapods have been derived from the Crossopteiygians. 

The Tetrapods can only be derived from the Crossopteiygians 
through these two primitive groups of Amphibians. The whole of 
the arguments in favour of such an ancestry is centred on their mutual 
resemblances. In the reduction of the parasphenoid bone these two 
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group* have as h weft, wag iwri bey&md fee amphi b ian gmijthw. 
In ail other amphtbiaiift fete hone a very eatto fla h *, ptf&mvissm$ 
fee whole of the v e n t rtn n of fee oewhenofM^ JMf fefttedtef far 
forward ben eath fee ethmoid region 
If the Amphibian* generally have been derived fnw Hut Oimfea 
pterygians through either of these two group s of pr ifl rifere r Aa»phi' 
mans then there must have been m alt these ot h er s a ret u rn f> fen 
primitive fish condition in the sue and i mp or t an e e M this turns as 
fee covering of fee base of the nenrocranram Safe a cfenpUfeMNnal 
in an evolutionary change would be without parallel and be qsBxult 
to explain or understand 

Another fact which should not be neglected m feu oouuctuti u 
that all four groups of the Stegocephaliens ate represented m Carbo¬ 
niferous rocks and not only is this so but a primitive reptilian group, 
the Cotylosauna are also of Carboniferous agjt 
There is little room for doubt that the Embotomen and the 
Ichthyostegids were the amphibian group front which fee CotyioiBUrs 
were derived it is difficult to believe that they also gave rise to the 
very dtsaumlar Stegocephaligns 

After a very extended survey of the cephahc musculature I cotirid 
find no evidence either in the embryology or fee adult anatomy, of 
any teleostome ancestry for that of the Tetrapods On fee cferemry 
it was found possible to derive it through fee branchiate Ampin 
bians the Dipnoans and Hdocephah directly from the clastnobran 
chian condition (Kesteven 1942-45) Lightoller was of fee same 
opinion (1939) 

To assert that the resemblances of all vertebrate palates are such 
that — they must have been derived from a common ancestor*—would 
be to make one of those dogmatic statements which I have said wc 
are not just Red in nakmg Put o general is the agreement on this 
matter that the statement v, ould pribnbts go unchallenged 

T have recet t1\ r viewed the am ij,cment of fee bones in fee 
palates throughout the whe le of the anoi classes of the vertebrates 
and found reason to bel c c that those f the tetrapods and the bonv 
fishes were derived from an ancestry common to both and that the 
former was not necessarily derived from the latter (Kesteven 1947) 
Reviewing the scanty evidence available it certainly aeems to point 
to the existence in Lower Devonian or earlier times of some a* yet 
undiscovered ancestral form from wh ch the Dipnoi Ichthyostegidae 
and the Tmbolomen were derived and which itsdf was derived from 
an earlier ancestor common to it and the Crossopterygians 
This same scanty evidence also justifies the expectation feat when 
discovered the I ower Devonian or Stlunan protetrapod will be 
found to have a palate made up of the number of bones found m 
the amphibian palates with a large para sphenoid bone and wife fee 
quadrate portion of fee arch attached directly to the neurocranratn 
without any hyoid component tn the suspension of fee upper jaw 
arch 

From this protetrapod we may be permitted to believe that three 
distinct lines of evolution originated The first was feat leading to 
and ending at the Dipnoi The second gave rise to fee Stegocep ha 
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p^Rl (lCWoyfli^mGae aoo MpplDfoCn), which, aw the name tt)g* 
ftiltt, gave rise to the Sauna. 

The Dipnoi 

Living Dipnoi are die moat primitive amphibians known to us. 
Although they possess a few very characteristic fish features, they 
are very definitely not fish. KelHcot (1905) was the first investigator 
to carry out detailed work and to conclude from it that the Dipnoi 
are very dowdy allied to the Amphibia. In 1931 I published two 

S in which the many points of resemblance of die Dipnoi to the 
ibta were detailed. In the following year, and quite indepen- 
_, Kerr (1932) referred to a number of those features and 
added“a few more, and he concluded (p 421) that they constituted 
"together an assemblage of features which demonstrates irrefutably, 
the dose relationship with the Amphibia and the distinctness from 
the fishes" Dakin (1931) recorded that the body fluid of Ceratodus 
differed fundamentally from that of the fishes, and resembled that 
of the Amphibians. Recent investigations into die adult form (Kes- 
teven, 1942-45) of the cephalic musculature, and its development 
(Edgeworth, 1923) in Ceratodus and other lung fishes reveals this 
to be very primitive. In die case of one set of musdes only was any 
resemblance found to the bony fishes, in sue instances the resem¬ 
blance is to the Amphibians. For the rest, the resemblance » to die 
Ehwmobranchs 

Elliot Smith (1906) has two paragraphs which are of particular 
interest to the present discussion, in the summary of his description 
of the fore-bnun of Lepidosiren 

"(1) If die features of the brain m the Dipnoi be considered as 
a whole, they will be found to approximate much more nearly to those 
of the Amphibia than to those of any other vertebrate. 

"(9) The high state of development of the cerebral hemisphere in 
die Dipnoi gives us two alternatives from which to choose as to the 
relative positions of the Amphibians and the Dipnoieither the 
Amphibian hemisphere has passed through a state corresponding'Jh 
that of the Dipnoi and has then undergone a secondary retro gr a de 
change, or the Dipnoi are nearer to the main stream, which has ted to 
the origin of the Ammotes" (The italics are mine ) 

Confining himsdf, largely, to the dermal covering bones, Stensio 
expressed the opinion that—"The study of the Coclacanths seems to 
hdp in throwing fresh light on the relationship of the Dipnoi and 
the Crossopterygians. According to our present knowledge, the latter, 
or forma very nearly allied to them, must be considered as ancestors 
to the Dipnoant, and must consequently be grouped close together 
with them from a systematic point of view There is no justification 
at all for separating the Dipnoi from the Teteostomes, as has hitherto 
often been done" (The italics are mine.) This statement is demon¬ 
strably quite wrong. 

It ta submitted that the tabulation below is, as Kerr said, an 
irrefutable demonstration of the dose relationship of the Dipnoi and 
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the Amphibia It i& further submitted that such a prepo^efteoe qf 
evidence of resemblances must be accepted as proving that tfcd lhddg 
Dipnoi are actually primitive Amphibians 
It may be pointed out that whilst there u room for di fference of 
opinion as to the interpretation of character* No 4 and 5 to the 
following table the remainder are statements of fact, and do not 
introduce the personal factor at all 

Table 1 

Relationship of the Dxinoi to Tub Annum 


Th* iollowtaf Spmu ohama* 
tm — t—' hla tha mom Amt—- 
tan — 

<1) TU Marty oomptatt* «r 
UlurliMnM natan *f tai 
■koD 

<t) Tbt lnUrMl <JP«iH 
into Um otoeram (Ut* 
•ml cranial fotatrt) 

IS) Th* aoioatyfle and 
monlnmatylle ampcMlai 

<4) Th* iittl capsule 

t() The dermal roof pattern 

(4) The form of the frontal 

tea, 

<T) lha form of Um Sqoui 
ooal boo* 

<8) Tho form of th* fora 
brain 

(t) Th* pnmrollon of inter 
nal nam* 

(10) Th* form of the heart 
<11) Th* arterial lyatem 
(12) Th* venous lyitra 
(IS) Th* flns 

(14) Th* form and function 
of tho air Madder 

(IB) The atruoLura and poai 
tlon of the dottla 
(1$) The i OMcailon nf an epl 
fffattla 

(17) Tl>« pomeuloa of a tru* 
p«.hrlc alrdl* 

(18) Tha mating call of tha 
mak 


( 19 ) rhe bodr fluid 

(20) Th* rytoloiricnl eharae 
ter of tr r tf y twite In 
th* body 

Ul) Tha form of the body 
<S» Th* mod* of ivlamlng 

(£S) Th* bon«a of tha palate 

(24) Th* character of th* 
wahi 


(ZB) The Carl Mode 
(26) The Ca? 2 Meade 
(ST) Th* II Lntarhyoftdra 

(29) Tha M ra t m ot or man 
dfbulM 


(291 The Mm inter* 


(SO) Ttm Mm. Wratora* 
ai'uotnu hranehiaUtua 


In tha 
Amphibia 


+ 


+ 

4* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 



+ 


+ 


+ 

+ 


+ 

+ 

+ 


+ 

+ 


+ 
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m whiy 

terat— 


oi> ru Vi 

4M> tu v 


<M) tu K «9TM0Mttttb« 


4t*> n* V eomecfcrawbUleo. 

(88) The V p u rrgo W w 

(IT) The V auadratoosaAdi- 

Ntaria 

(M) tb gtBifl oouno of 
dmiopmii 

<M) The mode of the de¬ 
pl o y m ent of b n 
trraftl fom. 

<M) Tfc* uuMr if tb i*. 
nbpaot if the two- 
to b w d wrMi 

441) The buht of the do- 
vabfnMtt of tho ana 
pUbu ibniten In 

the oxterUI oi tm 

441) Tlw mbmt of the do- 
v to ywat of the am 
phlMon eUrutcn in 

tlw venoue lyiUn 

448) Tho dmtopiMnt of the 
embnl fcemwpboim 

444) The eorly form of tho 
efcondroeranlma 

448) Tho dmtopnnt of the 
buoeel dftty 

(48) The form of pituitary 
limitation 

(47) Tho development of tho 
fluk standi 

<48 Tho development of tho 
cement o sue 

(49) Ibe hlctory of tho polo 
toqoftdrate 

(88) Tho development of the 
M eaeullnrU 

(81) The development of the 
If retractor muuUbuloe 

(89) The development of the 
other aiuoak* of the 

brad 


(88) The development ef 
cntercwtbe from the 
dvetu endalymphet cue 
oT the otMjit 

(84) The eytolan of oil the 
embryonic tunn 

485) The development of trae 
external stfie 

(98) The act of copulation 

(87) The feet that the newly 
hetehed yoonr nut he 
permitted to rent with 
tho month out of water 
or they win drawn 


In tho 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


In tho 

SSL 

+ 



+ 


+ 


+ 


+ 


+ 
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The Evolution of the Tetoapod Limbs. 


Beyond doubt! the tetrapod limb has been evolved from Ione torus 
of fin. The palaeontologists, with their view largely directed by the 
finger-posts of the bone-paved road they travel, have devoted their 
contributions to the attempt to decide wnat is the most likely way in 
which the bony segments of such fins as those of Sauripterut and 
Eusthenopteron may have rearranged themselves into the primitive- 
limb pattern, such as that of Eryops 
Gregory (1935), and Romer and Byrne (1931), have given con¬ 
sideration to the effect of the attached muscles upon the rotation of 
the limb, but, so far as I am aware, no evidence has been produced 
by the palaeontologists that the musculature of the fin types selected 
as precursory to the limb type, was arranged scgmentally along the 
length of the fin. In the living Crossopterygian Polypterus, and prob¬ 
ably also in Latimeria, there is no such segmental arrangement of the 
muscle. In Neoeeratodus , however, the muscle extends along die fine 
in a series of segments, in such wise as to permit of the differential 
movement of the segments of the fin upon one another (Fig. 8). It 
seems obvious that some such arrangement as this was essential as a 

P rerequisite to the development of a jointed limb. The fins of the 
hpnoi were of an extremely generalised type, such as may be imagined 
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to have been capable of variation, under the influence of this differen¬ 
tial supply of muscles, and to have been capable of yielding, amongst 
these venations, the one which proved to be the starting point of 
the tetrapod limb. 

Of course, this is not evidence that the tetrapod limb was derived 
from an archipterygium, but it must at least be conceded that the 
Dipnoi certainly possessed the one mechanical kinetic factor neces¬ 
sary for the evolution of the jointed limb. 

The fact that Neoceratodus uses the pectoral limb to crawl clumsily 
out on to sloping rock to bask, is not evidence that it was used in 
the one way which would seem to have been most important to the 

S xluction of a limb. Periophthalmus and a large number of the 
biadae use the pectoral limbs in this manner a long way more 
•efficiently than the bipnoan does. 

I have illustrated a dissection of the muscles of the fin of Neocero- 
Jodus which depicts the segmental arrangement of the muscles, and 
also the cartilaginous skeleton of the fin. I have not attempted to 
present drawings of hypothetical modifications of this fin, but it is 
obvious that its generalised form would permit changes to fit almost 
any series of modifications culminating in a primitive limb. 

Conclusion 

The natural classification of the vertebrate has been attempted by 
so many well-qualified men that to present still another classification 
calls, perhaps, for some justification. 

It may be said of all recent attempts that they are based upon 
incomplete surveys of the facts which should be passed in review, 
and the present suffers from the same shortcoming. This is probably 
unavoidable. No one of us can possibly make himself sufficiently 
familiar with all the facts to undertake their evaluation himself. Chi 
the other hand it is submitted that an attempt to interpret the facts 
-observed in a restricted field, but including all the vertebrate groups, 
by one who has devoted many years to the examination of those facts 
with that object in view, may be expected to advance the solution 
of the problem a little. 

The field selected is the head and neck. During the past forty-odd 
years, the development and the anatomy of the head and neck of a 
very wide variety of representatives of every vertebrate group has 
been studied by the writer. In the course of that work it has appeared 
that too often investigators have accounted for similarities by assum¬ 
ing that they were coincidental or mere parallelisms, analogies, and 
not homologies, and so dismissed them. 

The peculiar mixed characters of the Holocephali and the Sturgeon- 
like Chondrostei provide examples. 

In A and B of diagram I below, characters 1 to 7 are outstandingly 
elasmobranchian, whilst characters 8 to 13 are outstandingly teleosto- 
man. It can hardly be a coincidence that both the Chondrostei and 
the Holocephali combine so many of these characteristics. It seems 
that the only reasonable interpretation of the facts is that these 
13 characteristics were present, actually or potentially, in the common 
•ancestor of all four groups. 
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It is suggested that if these four groups were represented m 
numerical equality in the modem fauna they would all have been 
given equal rank and that the relegation of the two smaller to sub¬ 
groups was simply the result of their numerical inferiority and is not 
justified by their structure 

This concept permits the visualising of four distinct lines of dif 
ferentiation at the dawn of the tiue fish epoch The Plagiostoman the 
Holocephalan the Chondrostean and the Teleostoman Thus we 
have four starting points for the evolution of the modem vertebrates 

If however we turn to the geological record we find a group of 
Elasmobranchs the Acanthodei which seems to combine all the 
characters of the Chondrostei and Feleostomi and we are enabled to 
reduce our stem type to ihiee and all three are 1 lasmobranchs 
The plagiostoman root form presents only the outstanding charac 
ten sties of the modem Plagiostomes omitting the Holocephali with 
their autostylic suspension and teleostoman type of branchul arrange 
ment and opercular covering The branchial arrangement of the 
Holocephali is undoubtedly an aconthodian feature this suggestv 
that the two groups are differential fonm of a common ancestor 

Therefore it is permissible to suppose that from some generalised 
fish form two mam lines of evolution took definite form The one 
was the Elasmobranchnn In this a primitive hyost)hc suspension 
was letained the gill clefts wetc left exposed and the power to- 
develop bone wis mm or Itss complete!) lost 

In the second group the gills were collected under an operculum 
and the power to form bone vas retained and improved upon In 
this group two main lines of ch *igc or specialisation soon mimfested 
themselves In the one a modification of the hyostolic suspension 
was perfected in the other fibrous ittachments of the pilat jquadrate 
arch to the cranium posteriori) were converted into cartilaginous 
and finally bon) unions and then articulations or fusions These 
two are of course the Acanthodnn and the Holocephalan The 
Acanthodian root in turn gi\e rise to two different stocks One of 
these the Chondrrstean had inherited strongly tht primitive hynstyhc 
suspensonal tendenc) and combined this with the other characters of 
the Acanthodei The other the Teleostoman stocl howe^r perfected 
the modified h)ost)iic mode of suspension 

Turning finally to the Holocephalan stock we find ourselves in the 
presence of the most interesting combination of root stock characters 
in the senes lo begin with we hn l the I hsmobranchi in specialm 
tions very complete cartil iginous cranium ind absence of bone next 
we have the icanthohan t)pc (f bianchial skeleton with its operculum 
and finall) we find letnpod suspension of the palatoquadrate without 
the utilisition of the hyoid 

A comprehensive reuew of the vertebrate cranium reveds that 
invariably it commences is i fenestnled bisket and sooner or later it 
is completed alternated) b> cartilage or bone There is little doubt 
that cartilage is the more pnmitive tissue of the two Therefore 
whilst it is probably correct lo regard the absence of bone in the 
modern Elasmobranchs as a specialisation in thU there has been a 
complete loss of bone is a cram il building tissue the entirely car 
tilaginous cranium is fundamentally a primitive condition It is in thia 
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light that we should regard the cartilaginous crvxuAm of the modem 
Holocephali. The absence of bone, however, is sgain a iperia Bastion 
(comparable especially to the almost complete absence observed in 
Polyodon and Scaphyrhynchus) because the mesoeootc Hotocephali 
had more or fewer dermal bony plates related to the cranium. These 
modem members of the Holocephali are, of course, to be regarded as 
reflecting the general constitution of the root from which the Tetra- 
pods have been evolved, and must also be deemed to have, them¬ 
selves, departed in important particulars from that stock. 

The first known definite tetrapod advance from the holocephalon 
stock is presented by the Dipnoi. Here we have a primitive Amphi¬ 
bian which retains a few very definitely “fish” characters. The out¬ 
standing resemblances to the Holocephali are the autostylic suspen¬ 
sion, the lateral cranial fenestra (the wide opening into the otocrane 
from the neurocrane) and the branchial basket protected by its 
operculum. 

It cannot, of course, be argued that the Dipnoi were themselves 
ancestral to the Tetrapods, but it should be clear from the tabulation 
of their tetrapod characters that they had advanced so far ahead of 
the Crossopterygians along the road to the Tetrapods that they cannot 
be regarded as having been derived from those fish. But, at the same 
time, the survival of the labial cartilages functioning as labial jaws 
in the Anura is such clear evidence of community of origin with the 
fishes that we must conclude they were both evolved from some earlier 
generalised form. 

In diagram II I have made use of the term “osteichtys” for this 
generalised fish root-stock, and I have derived from it the Holocephali 
on the one hand and the Acanthodei on the other. From the Acan- 
thodei, I derive the Chondrostei, which are to be regarded as a ter* 
minal type, and the Crossopterygii, which are to be regarded as the 
root-stock for all the rest of the bony fishes. From the Holocephalon 
root-stock I derive the Tetrapods. 

Almost from their first appearance the Amphibians, which preceded 
all other Tetrapods in the Geological record, present themselves in 
three very distinct types, the Dipnoi, the Embolomeri, and the Laby- 
rinthodont Amphibians. These may be interpreted as three diver¬ 
gent stocks which have evolved from the Holocephalon stem. The 
Dipnoi must be regarded as a persistent terminal group. 

The Embolomeri and Ichthyostegidae may be united under the 
designation of Sauramphibia, to indicate that they must be 
regarded as the root-stock of the Saurians and higher Tetrapods 
generally, whilst the remainder may be designated Euamphibia. These 
last are all characterised by the retention of the undivided para- 
sphenoid bone of the Fishes and are represented in the modem fauna 
by the Anura, Caecillia, and Urodela. 

The Dipnoi probably are more closely related to the Sauramphibia 
than to others (Vide quotation from Elliott Smith, p. 127). Their 
exceedingly simple palate presents us with the simplest form of the 
divided parasphenoia bone. The deletion of most of the other bones 
of the upper jaw and palate must be regarded as the outstanding 
specialisation of this form of the primitive amphibian stock. Hie loss 
of bones is, in general, not phylogenetically significant; it is the form. 
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also demonstrated {Keateven, 1941, 1942) that the so-called para~ 
sphenoidal rostrum m the Avian skull is a cartilage bone and a true 
presphenoidal ossification. 

The intrusion of the personal factor is unavoidable; it would be a 
weakness to try and disguise it, therefore — I find it difficult to believe 
that so important a bone in the ancestral forms should have no repre¬ 
sentation in the modern higher tetrapods, Especially, I find it difficult 
to understand how the parasphenoid bone of the Fishes can have 
been j>art1y replaced by two tte7u ossifications in the Dipnoi. Beyond 
question the posterior portions of the two palatopterygoid bones in the 
Dipnoi occupy, together, the exact position of the lateral wings of the 
parasphenoid of the tithes. 1 must continue to regard them as beinr 
the antcro-lateral portions of that same hone, which has been divided 
into three When first it was suggested (Kesteven, 1916) that the 
parasphenoid had persisted in two halves in the higher vertebrate* 
the suggestion that a single bone in lower might be homologous with 
paired bones in higher vei tebrata was novel. Later, various observers- 
thought to record the development of this bone on the base of various 
Saurian*, mistaking “extrapenchondral ossification” (Kesteven* 
1942 A. p. 224) for membrane bone Recently de Beer (1936), appar¬ 
ently without being aware of e.uher suggestion, proposed that the 
pterygoid of Oriiilhorh)Tichus be lecognised as the lateral wings of 
the parasphenoid hone, and later dc Beer (1937) extends this idea 
by suggesting that the dorsal component of the mammalian pterygoid 
is the hornolngue of the same lateral wing of the parasphenoid. 

Returning to the question as to how we shall regard the paucity of 
bones in the Dipnoan palate If the palatopterygoid bones in that 
palate ate to be regarded as the ad\anced, tetrapod form of the 
parasphenoid bone, it appears to follow that we must conclude that 
the paucity of other bones is the result of loss, and not of primitive 
absence. 

Final conclusions are, of course, presented in the last diagram. 
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ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1946 


The President and Council present to members of the Society the 
Anapa! Report and Statement of Receipts and Expenditure for the 
year 1946. The following meetings of the Society were held: 

March 14: Annual Meeting. The following office-bearers were 
elected: President, Captain J. K. Davia; Vice-Presidents, Major D, A. 
Casey, Professor J. S. Turner; Honorary Treasurer, Mr, W. J. Parr; 
Honorary Librarian, Mt. F. A, Cudmore; Honorary Secretary, Dr. F. 
L. Stilwell; Members of the Council, Professor E. W. Skeats, Pro¬ 
fessor S. M. Wadham, Professor R. D. Wright, Dr. R. T. Patton, 
Mr. P. Crosbie Morrison, Mr. W. Baragwanath. 

The following members of Council continued in office Professor 
W. A. Osborne, Professor E. S. Hills, Dr. H. b. Summers, Associate 
Professor O. W. Teigs, Dr. L S. Rogers, Professor L. H Martin. 

The Annual Report and Financial Statement for 1945 were read 
and adopted. 

At the close of the Annual Meeting an Ordinary Meeting was held. 
Lecture: "Magellan/' by Captain J. K. Davis. 

April 11: Lecture: "Radar/' by Dr. E. G Bowen. 

May 9* Lecture: "Brown Coal in Victoria/’ by Dr A B Edwards. 

June 13: Papers: "A Fossil Crab from the Lakes Entrance Oil 
Shaft, Gippsland, Victoria/' by Miss Irene Crespm "A New Trilo- 
bitc from the Yeringian (Lower Devonian) Rocks of Kinglake, 
Victoria/' by Rev. E. D. Gill "Daapod Crustacea (Calhanassa) from 
the Eocene of Victoria/' by Dr. M F. Glaessner. 

Tuly 11: Paper: "A Survey of Vegetable Matter in the Wool Clip 
of S.E. Australia," by Miss S. J. Church. Lecture* "The Discovery 
and Some Applications of X-Rays/' by Dr. C. E. Eddy 

August 8: Mr. R. T. M. Pescott was elected Honorary Treasurer, 
following the resignation of Mr. W. J. Parr owing to ill-health. 
Lecture: "Impressions of a Recent Visit to England and America," by 
John Devine. 

September 12: Special General Meeting. The following alterations 
to the Laws of the Society were agieed to:— 

1. That the words in Law 46. "1st of November in each year," be 
deleted and replaced by "1st March in the year following/' and that 
the words, "November meeting,” be deleted and replaced by "March 
meeting in the year following.” 

2. That the following new Law be inserted after Law 13 to define 
the duties of the Librarian: "The Librarian shall be responsible for the 
welfare and order of the Library. He shall catalogue the books 
■received and see that they arc correctly placed upon the shelves. He 
shall issue notices to members holding books overdue from the library. 
He shall acknowledge all donations of books, and, when necessary, 
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those received in exchange He shall check the index of volumes 
recently received and shall write for any volumes due to the Society 
He shall select the books for binding and shall recommend the books to 
be purchased for the Howitt Memorial Fund He shall bring atf 
requests for exchange of publication before the Council and shall 
report any interruption of an agreed exchange He shall file a copy 
of all correspondence in connection with books and shall provide list* 
for the C S 1 K Catalogue of Periodicals 

At the conclusion of the Special General Meetmg an Ordinaiy 
Meeting was held Lecture Calendar Reform by Professor W A 
Osborne 

October 10 Paper Late Quaternary Changes of Sea Level at 
Rottnest Island Western Australia by Dr C Teichert Lecture 
The Royal Society 1 mpire Scientific Confeience by Professor E b- 
Hills 

November 14 lecture The Cult of Humus — A Campaign 
against I ertihser by Associate Professor G W Leeper 

December 12 Papers A Review of the Palaeozoic Genus Hercy - 
ttella with a Description of Three Species from the Yenngian (Lower 
Devonian) in Victoria, by Rev F D Gill The Origin of the 
Tetrapods by Dr H Leighton Kesteven Lectuie Review of Pro¬ 
gress m the Study and Utilization of Clays by A J Gaskin 

The Use of the Society s Hall for Defence purposes by the 
Army Hiring Department under the Nation'll Security Regulations,, 
terminated during the year A similar arrangement has been entered, 
into with the Commonwealth Meteorological Pureau 

During the yeir 18 members 4 country members and 19 associate 
members were elected The totil membeiship of the Society on 
December M 1946 was 2S3 consisting ot 8 life members 100 
members 29 country members and 116 associate members The 
total at December \l 194 S wts 220 

The Council deeply regrets the loss by death of one life member 
and one countr) member 

James Andrew Kersh iw died on Tcbruir) 16 aged 79 years He 
was born in Melbourne in 1866 and cducdlcd at the Almi Roid Stite 
School ind a grammar school 1 ast Sheet St Kilda He was 
ippointcd m issistant to iht stiff of tht \ ltiona! Museum in 188% 
and gne life long strvice to this institution He became CuraLor in 
19(X) and DirLctui iftcr the icsignUion of Sir Baldwin Spencer m 
1929 Aftci his retnemcnt in 19M he c< ntmued his association with 
the Museum as Honoiai) Curator ot Zoology He tool a piomuient 
put in spoiling the permment resuvition of Wilson s Prumnnlorj as 
a sanctum 1m the pitseiv ition of mine fiuni md fl< i i and wds 
Honoraiv Sccrctaiv of the Committee of Management fiom its incep 
tion in 1908 till 1946 1 rom in oil) date he was i 1 cllow of the 
K<nal 1 ntomologicil Soucl) of Iondm and in 1927 wis eltcUd a 
Coiresponding Mtmhei of the 7oolo b ical Societ) of T ondon He was 
cleited a member of this Souct\ m 1900 md served on the Council 
from 1902 til! 19)5 Jfc w is Picsidtnt 191S 1919 Honorary Secietary 
1920 25 Honoi uv 1 tbrarnn 1924 1925 md i luislce fiom 1922 
until his dcith He contributed to the Proceedings in 1910 a paper on 
the Womb it Phascolomy a urtinu* Sh iw fiom 1 linders Islmd 
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William Crawford died on July 14 aged 69 years He was bom 
at Newham, near Woodend and educated at the Newham S ate 
School After attending classes at the Working Men s College Mel 
bourne he established himself in business as a plumber and builder 
at Gisborne His main recreation and relaxation took the form of 
long rambles, or motor cycle tours of the surrounding districts in 
pursuit of geological interests He thereby accumulated a knowledge 
of the load geology which was remarkable m its detail He was 
always willing to [dace tins knowledge at the disposal of all who were 
interested ana guide them over the district With Dr W J Harris as 
joint author, he contributed a paper to the Proceedings of this Society 
in 1921 on “The Relationships of the Sedimentary Rocks of the 
Gtsbome District*' In 1939 with Dr A P hdwards as joint author 
he contributed a paper on The Cainoroic Rock* of the Gisborne 
District He was elected a Country Member of the Society in 1920 
The attendances at the Council Meetings were as follows Mr 
Baragwanath, 10 Captain Davis 10 Professor Skeats 10 Mr 
Oidmore 9, Mr Morrison 9 Dr Rogers 8 Dr Summers 8 
Professor Turner 7 Mr Casey 6 Professor Hills 6 Dr Patton 6 
Dr Stilwel! 6, Associate Professor Tiegs 6 Professor Wadham 6 
Professor Martin 5 Professor Osborne 5 Mr Parr 5 Professor 
Wright 5, Mr Pescott 4 

During the year 2674 volumes and parts were edded to the library 
This is more than double the number received for the preceding year 
and indicates a considerable measure of resumption of overseas 
exchanges which were interrupted by the War 

Volume 57 of the Proceedings of the Society was issued m April 
The publication of this volume was assisted by a credit of £100 made 
avail ible at the Government Printing Office by the Stite Government 
and by grants from the University Publicitmns I und towards the cost 
of publishing papers from the Science Departments of the University 
of Melbourne The Council desires to record its thanks to these bodies 
for this assistance Congestion of woil it the Government I anting 
Office has caused long delays m the issue of the Proceedings 

HONORARY TKhASUKT Tv S R b PORT 
The financial position of the Society a ntinucs to Ik sitisficUry 
The credit bahnee at the bonk at December 31 1946 was £488/4/1 
as against £302/4/5 it the end < f the previous year It is pleasing to 
be able to report an mcrci c in membership 

The publication of the F met clings is new tighlc n m nlhs in 
arrears and on this account the ensh lihncc is consider bly laigu 
thin would otherwise be the case 
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